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GEOPHYSICS.—Heat energy from radioactive sources in the earth. 
Wiiuiam D. Urry, Geophysical Laboratory, Carnegie Institu- 
tion of Washington. (Communicated by L. H. Apams.) 


The production of heat accompanying the disintegration of the 
radio-elements, despite the extreme dissemination of these elements 
throughout the material of the earth, is far from negligible in any 
treatment of the geothermal history. Some investigators have found 
it even necessary to postulate a concentration of the radio-elements 
into the outer shells,? a postulate that is borne out, at least qualita- 
tively, by existing hypotheses of the structure of the interior and the 
few radioactive measurements that have been made, particularly for 
the ultrabasic rocks. 

All the treatments of the geothermal processes* indicate the ne- 


cessity for a more detailed survey of the heat contribution from the 
radioactive sources. In determining the rate of production of heat in 
a specimen, it is necessary to consider the elements of the uranium 
series, the actino-uranium series, and the thorium series. There are in 
addition certain isotopes of the elements usually considered as stable 
that are radioactive, but the isotope 40 of potassium alone occurs in 
sufficient quantity to require inclusion. 


METHODS 


The major portion of the heat data at present available has been 
accumulated by laborious determinations of the radon content‘ from 
which the contribution of the uranium and the isotopic actino-ura- 
nium series can be calculated, still more difficult and less frequent 
determinations of the thoron content® to calculate the allotment from 


1 Received May 22, 1941. 

s > H. Theearth. 1929; Hotmes, A. Journ. Washington Acad. Sci. 23: 
169. 1933. 

’ JerrrEYs,H. Op. cit.; Houmes, A. Op. cit.; Lowan, A.N. Phys. Rev. 44: 769. 
1933; Van OrnstraND, C. E. Geophysics 5:57. 1940; and others. 

* Pregot, C.S. Amer. Journ. Sci. 17:13. 1929; Evans, R. D. Rev. Sci. Instr. 6: 
99. 1935; Urry, Wm. D. Journ. Chem. Phys. 4: 40. 1936. 

5 Urry, Wm. D. Journ. Chem. Phys. 4: 34. 1936. 
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the thorium series, and in but a few cases a chemical analysis for 
potassium. 

An important item in the program of the Geophysical Laboratory 
has been the determination of the heat production by radioactive 
elements in rocks. Having in mind the need for a large number of 
separate measurements, the Director of the Laboratory at one time 
or another discussed with various individuals the feasibility of more 
rapid and convenient methods for determining the radioactive heat 
production in representative rocks from all parts of the world; and in 
particular he requested the present author to examine the possibility 
of determining heat production in materials containing small amounts 
of radium and thorium together with their disintegration products, 
merely by measurement of the rate of alpha-particle emission. It turns 
out that it is possible by a single measurement to determine with 
sufficient accuracy the heat production in a rock sample, provided 
that the potassium content of the rock is already known. The meas- 
urement involves only a simple mechanical preparation of the speci- 
men and utilizes the newly developed methods* for counting the 
alpha-particles emitted by solids. A simultaneous count of the beta- 
rays would determine the contribution of the potassium but, as will 
be shown, this extra measurement would hardly now be worth while. 

While the separate determinations of uranium and thorium are 
never likely to produce a sufficient body of data for a study of the 
geothermal history, they do provide knowledge of the probable limits 
of an independent variable that enters into the equation for cal- 
culating the heat quantity by the method of counting all the alpha- 
particles. This variable, the thorium to uranium ratio, is not deter- 
minable by the counting method alone. The following derivation 
demonstrates that by adopting a certain fixed value for the Th/U 
ratio, an error of less than 5 percent is introduced in the calculation 
of the heat production by the counting method for values of the Th/U 
ratio from 0 to 20. This range covers all values of the Th/U ratio that 
have previously been found for iron and stony meteorites, ultrabasic, 
basic, and acidic igneous rocks, sedimentary rocks, and nearly all 
minerals with the exception of those classified as radioactive. 


CALCULATION OF HEAT PRODUCTION FROM ALPHA-PARTICLE COUNT 
The following symbols will be used: 


N =Total number of alpha-particles emitted per gram per hour from the specimen. 
Nv = Number of atoms of all isotopes of uranium per gram at present. 


* Finney, G. D., and Evans, R. D. Phys. Rev. 48: 503. 1935; Urry, Wm. D. 
Rev. Sci. Instr. 12: 289. 1941. 
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Nu1 = Number of atoms of uranium I per gram at present. 
Nacu = Number of atoms of actino-uranium per gram at present. 
Ny» = Number of atoms of thorium per gram at present. 
Nx=Number of atoms of potassium-40 isotope per gram at present. 
P=Thorium to uranium ratio by weight at present. 
Q= Potassium to uranium ratio by weight at present. 
f =Number of potassium-40 atoms as a fraction of all potassium atoms. 
a=Grams of K,0O per gram of specimen. 
Rk = Present-day activity ratio of the actino-uranium series to the uranium series. 
k =Present-day ratio of Na.v to Nut. 
hy; = Total energy loss accompanying the conversion of one UI atom to the stable 
end-product of the series. 
hacu = Total energy loss for one AcU atom. 
ht» = Total energy loss for one Th atom. 
hx = Total energy loss for one K atom. 
h=Production of heat in calories per gram per hour. 
H = Production of heat in calories per gram per year. 
H =H with the rate of production from potassium added. 
\ = Disintegration constant of UI, AcU, Th, and K-40 indicated by the appropriate 































veneer, 
¢= Ratio of H for various values of a to the value of A for a fixed value of a. 


The radio-elements in the specimen are assumed to be in equi- 
librium; therefore the number of alpha-particles emitted’ per gram 
pe" hour is given by 


N = 8dutNur + TAacuN acu + 6ArnN tn (1) 
8, 7, and 6 being the respective number of alpha-particles emitted in 


the UI, AcU, and Th series and the disintegration constants being in 
reciprocal hours. From the definition of the activity ratio R, 


(AascuN acu) = R(AviNv1). (2) 


Introducing the atomic weights of uranium (238.045) and thorium 
(232.12), we have 





Nr» = 1.026PNv. (3) 


Now 
No = Nour + Nar, (4) 


because the number of atoms of uranium II can be neglected. By the 
definition of k and from equation (4), 


Nv = (1 + k)Nu1, (5) 
and hence 


7 The number of alpha-particles counted per hour is not the number emitted, for 
several reasons. The relations between these quantities have been given by FINNEY, 
Fg and Evans, R. D., op. cit. See also Urry,Wm.D. Amer. Journ. Sci. 239: 191. 

a 
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Nan = 1.026P(1 + k)Nur. (6) 


Equation (1) can be rearranged with the aid of equations (2) and 
(6) to give 
AuNur = N/[8 + 7R + 6 X 1.026P(1 + k)(Arn/Avi)]. (7) 


The production of heat, h, from the three radioactive series is given by 
h = durNorhur + AacuNacuhacu + AtaN moh tn, (8) 
which with the aid of equations (2), (6), and (7) can be written 
“oe = + Rhacv + 1.026P(1 + onan. 
8+ 7R + 6 X 1.026P(1 + k)(Arn/Av1) 


Equation (9) gives the required quantity h in terms of only two 
variables N and P. Table 1 gives the values of the constants in equa- 
tion (9). 





(9) 


TABLE 1.—VALUES OF THE RADIOACTIVE CONSTANTS 





R=0.046+ k=1/139 f =1/9217° 
Aur = 1.52 X10-1° yr- hacu =9.72 10-2 yr- 
Ata = 4.99 X10-" yr-4 Brake =4.3X10-' yr“ 








Constant | Mass equivalent! s Calories* 
hur 0.0512 7.59 x10- 1.82 xX10-" 
hacu 0.0508 7.53 1.80 
hrn 0.0432 6.40 1.53 
hx = 0.03" 0.007 








* Nier, A. O. Phys. Rev. 55: 153. 1939. 

> Nrer, A. O. Phys. Rev. 55: 150. 1939. 

: Nier, A. O. Phys. Rev. 50: 1041. 1936. 

4 Kovanik, A. F., and Apams, N. I. Phys. Rev. 53: 928. 1938. 

¢ Calculated from a specific activity of 23 betas g.K~!. sec"! (Mun.norr, W. Ann. der Physik 399: 205. 
a 5 — atomic weight of potassium 39.10 and f given above. 

he mass equivalent of the total alpha, beta, and gamma ray energy et A She respective series summed 

num cel in Western, F., and Ruark, A. E. Journ. Chem. Phys. 1: 717. 

? Unit mass equivalent = 1.482 X10-3 ergs. 

* Calculated from Emax =0.7 X10* e.v. (ANDERSON, c. D., and Neppermeyer, 8. H. Phys. Rev. 45: 653. 
ise and 37s of 2 X10* e.v. per 100 beta rays (Gray, L. , and Tarrant, G. T. P. Proc. Roy. Soc. 143A: 681. 
* 1 calorie (20° C) =4.18 X10’ ergs. 


Substituting the values of Table 1 in equation (9), we have 
h = N X 10-®[(1.90 + 0.52P)/(8.32 + 2.04P)]. (10) 


Table 2 shows that the quantity A is relatively insensitive to con- 
siderable changes in P and that the term involving P in equation (10) 
may be assigned a value of 0.240 with a consequent error in the value 
of h of less than 5 percent for a range of P from 0 to 20. This range 
more than covers the normal spread of Th/U ratios reported in the 
literature for all types of igneous rocks and most minerals.’ The 


8 For a summary of the earlier values of this ratio see Nat. Res. Council Bull. No. 80, 
Physics of the earth. IV. The age of the earth, p. 218. 1931; Kenvit, N. B. Econ. Geol. 
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TABLE 2.—VALUES OF THE P-TERM IN Equation (10) AND ITs DEVIATION FROM A 
Frxep VALUE 








Percent deviation 
P h/(N X10) from the value for 





228 —4 
234 
237 
239 
242 
244 
247 
250 


coooceco“ 
Di 9 DOOD 


COOrWNK SO 


| cl 











radium (uranium) and thorium analyses of rocks show a distribution 
that is markedly peaked between P =2 and 5. 

Equation (10) may therefore be written in terms of one quantity N, 
which can be measured by a single experiment. In equation (11), h 
is expressed in a more convenient unit: 

H (cals gram~ year“) = 2.1 XK 10-° N. (11) 

The design of an ionization chamber used in this Laboratory to 
determine values of N from solid sources is described elsewhere.’ 
Pulses due to the energy released in the emission of the individual 
alpha-particles can be amplified and recorded with any one of a 
variety of electrometer tube or linear pulse amplifier circuits. 

Potassium.—The production of heat accompanying the disintegra- 
tion of potassium must be added to the quantity H in equation (11) 
to give the total production H. This is a quantity \xN xhx analogous 
to the terms in equation (8) and is equal to 4.3 10-* Xa calories per 
gram per year with the values from Table 1, where a is the grams of 
K.O per gram. 

It is hardly to be hoped that chemical analyses for potassium will 
be available in all the specimens to be measured for H, and the deter- 
mination of potassium by beta-ray counting requires an extra meas- 
urement that it is desirable to avoid. In an attempt to find fixed 
values for \xN xhx that can be assigned to particular groups of rocks, 
a statistical examination of 4,724 analyses of rocks compiled by H. S. 
Washington was made." The largest group, consisting of 1,370 analy- 





33: 685. 1938; Jerrreys, H. Gerland Beitr. Geophysik 47: 149. 1936. Since this 
paper was first written a valuable contribution to the radioactivity measurements 
of rocks has se pan R. D., and Goopman, C. Bull. Geol. Soc. Amer. 52: 
459. 1941. eir measurements indicate appreciable shifts in the Th/U ratios com- 
ared to earlier values, Dut the new values are still well within the range of P treated 
ere. 
® Urry, Wm. D. Rev. Sci. Instr. 12: 289. 1941. 
10 WasuineTon, H. 8S. U.S. Geol. Surv. Prof. Paper99. 1917. The examination 
was confined to Pt. I, Superior analyses of fresh rocks. 
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ses, was one of the granites, quartz-porphyries, granite-porphyries, 
and quartz-monzonites. Of this group 31 percent have values of a 
between 0.04 and 0.05, and 70 percent between 0.03 and 0.06, while 
98 percent lie between 0 and 0.07. Rhyolites and aplites show a similar 
distribution. The classification was based on a division of the rocks 
into 19 groups, several of which showed very similar distributions. 

In order to test the possible error introduced by assigning a group 
mode to the value of a, a total heat ratio, ¢, was calculated for various 
values of the K;O content a’, from 0.0 up to that value that includes 
at least 98 percent of all the members of the group (the 0.98 limit). 
¢ is defined by the following equation: 


2.1 xX 10°N + 4.3 X 10-*a’ 


>= (12) 
2.1 X 10-°°N + 4.3 X 10a 





The probable limits of N for any group can be determined from the 
values of the radium content, Ra, in the literature and the following 
equation derived from equations (5) and (7): 
N= NovAu1(8.32 + 2.04P) 
(1 + k) 
The uranium content by weight is given by Ra/3.49 X10-’ and 
N = 1.25 X 10" Ra(8.32 + 2.04P). (14) 


Figs. 1 and 2 show, by the departure of ¢ from unity, the uncer- 
tainty in the total production of radioactive heat in a rock due to 
assigning a fixed value of a in place of an experimental value. The 
uncertainty decreases with increasing values of P and N. P may be 
as low as 1 without sufficient increase in the uncertainty to show in 
Fig. 1. 

Values of the radium content are few and unsatisfactory in the 
ultrabasic group of pyroxenites, peridotites, magnetites, and horn- 
blendites. A dunite from North Carolina has yielded values as low as 
0.005 x 10-” g Ra per g. This value gives N =11 for P=4, which for 
a sample of 100 mg would result in a count of less than 0.5 alpha- 
particles per hour. This is outside the observational limit of present 
counting devices. A practical lower limit of N=50 may be taken. 
Fig. 2 shows that the uncertainty ratio ¢ may depart appreciably 
from 1.0 for this group, although the maximum error is not much in 
excess of the accuracy with which N=50 can be determined. The 
radium and thorium contents of a number of specimens of this group 
are being determined in this Laboratory. 





(13) 
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dy 1.—The uncertainty ratio ¢ as a function of the alpha-particles emitted per 
hour, N, for the granitic group as defined in the text, with rhyolites and aplites (solid 
curves) and for the group of basalts, gabbros, and diabases (dashed curves). 
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Fig. 2.—The uncertainty ratio ¢ as a function of the alpha-particles emitted per 
hour, N, for the ultrabasic group of rocks defined in the text. 
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A survey of the uranium and thorium contents of all types of ig- 
neous rocks indicates that the rate of production of heat may vary by 
a factor of 30 or more among individual specimens. Since these varia- 
tions in a single type-group even when taken from a very restricted 
area often exceed 25 percent, the method outlined above for deter- 
mining the heat production with a single measurement and an as- 
signed value for the potassium is sufficiently accurate. Figs. 1 and 2 
indicate that an uncertainty exceeding such variations from specimen 
to specimen is not likely to occur often. A similar treatment for the 
sedimentary rocks awaits a statistical analysis of the potash distribu- 
tion. 

RADIOACTIVE PRODUCTION OF HEAT IN. THE PAST 

The rate of production of heat by radioactive processes must be 
continuously decreasing, as is demonstrated by the fundamental law 
expressed by the equation 


dn/dt = — dn, (15) 


where n is the number of atoms present at any time. The rate of pro- 
duction of heat will be higher but will fall off more rapidly, the greater 
the value of the disintegration constant \. Prior to the direct methods 
employed by Nier™ to determine the value of \4-v, some values were 
proposed that would indicate a considerably greater rate of produc- 


tion of heat in the early stages of the earth’s history than at present. 
Similarly, the contribution from potassium was assigned a more con- 
spicuous place in the early history of the earth. Recent determinations 
of the radioactive constants result in much lower values of the ratio 
of the rate of production of heat in the past to that at present. Thus 
the curves in Fig. 3 show this ratio to be between 1.33 and 1.56 at 
210° years ago. To obtain a higher ratio one can invoke unknown 
radioactive elements or series that are supposed to have disintegrated 
to a concentration at present not detectable. Such elements or series 
of elements can only have influenced the rate of production of heat 
for a comparatively short period in the earliest history of the earth, 
or have been present in prodigious quantities and initially have gen- 
erated heat at a rate greatly in excess of the production from uranium. 
Since this point does not seem to have been appreciated by those who 
have suggested such a source of energy in pre-Cambrian times, it is 
treated in an appendix. 

The ratio of the rate of production of heat at a given time 7’ in the 
past to that at present (H1/H) can be expressed as a function of two 


11 Nrer, A.O. Phys. Rev. 55: 150. 1939. 
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Fig. 3.—The ratio of the rate of production of_heat, from all the known radioactive 
sources, in the past to the value at present, (H,/71), as a function of time T in the past. 


variables P, the thorium to uranium ratio, and Q, the potassium to 
uranium ratio. 
Integrating equation 15, we obtain 


(Nur): = Noure'* (16) 


and corresponding equations for the AcU and Th series and for the 
potassium. The rate of production of heat at any time ¢ will then be 
given by 


d(N. 
hur aa = hyyAur Nore" - - - ete. (17) 


The concentrations of the four radio-elements can be considered as 
constant over a period of one year; therefore 
d(N A(N 
( unt ae ‘ vuI)t (18) 
dt At 





where At=one year. 
Analogous to equation (3), 


Nx = 6.089QfNv. (19) 


The total heat production per year at time ¢ is determined by sum- 
ming the terms (equation (17) for the three series and potassium, 
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after expressing Nxu:, Nacu, Nrs, and Nx in terms of Ny with the aid 

of equations (3), (4), (5), (6), and (7). 

H, = Pu [hurr + KhacvdrAncve’* + hrnArn(1 + k)1.026Pe™* 
1+k (20) 


+ hxdrx(1 + &)6.089Qfe*] (20) 
The ratio (Hr/H) is then given by 
(H+/H) = [Expression, t = T]/[Expression, ¢ = 0], (21) 
in which only two independent variables P and Q appear. 

The value of P has been discussed already. Uranium averages can 
only be given for two large groups of rocks and these averages depend 
somewhat on the critical weighting of the literature by the computer. 
The calculation of Q is shown in Table 3. 


TABLE 3.—PorassiumM—URANIUM RaTIOo 














Group | x10" g/g | X10° g/g 








Granitic.....| 6 4.7 
4 


1. 0.045 
Basaltic. ....| 0. 1.2 


0.0125 


is | KO ‘Ss 
oem | imede) | (ode) Q 
| | 


0.037 7. 
8. 


X< 108 
0.010 x 108 





That one might expect to find Q roughly constant is borne out by 
the conclusions of Poole and Joly” and of Holmes" and by the obser- 
vations of Réssner™ and of Evans and Williams” “that the radium 
increases with the alkalies, especially with potash,” but Barth” finds 
no evidence to substantiate this correlation in the Finnish Granites. 
Comparatively large variations of Q between individual specimens 
and even local areas are to be expected. Figure 3 indicates no significant 
difference in (H +/H) for values of Q between 2 and 16X10* and that 
the maximum increase in the radioactive output of heat 210° years 
ago compared with the present is 56 percent with a most unlikely 
value of P. A more probable value is 43 percent falling to 17 percent 
at 110° years ago. A discussion of the significance of this result is 
beyond the scope of this presentation. 


SUMMARY 


It has been shown that the determination of the quantity of heat 
generated by the disintegration of the radio-elements in the materials 


2 Poois, J. H. J., and Jouy, J. Phil. A (6) 58: 819. 1924. 
8 HouMEs, A. Geol. Mag. 63: 306. 

4 ROsSNER, * Mineralog. petrog. Mitt ‘44: 494. 1933. 

1% Evans, R. D., and Witi1ams, H. Amer. Journ. Sci. 29: 441. 1935. 
% Bartu, T. F. W. Amer. Journ. Sci. 35A: 231. 1938. 
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of the earth’s crust can be made by a single physical measurement for 
the majority of laboratory specimens. A large number of measure- 
ments are necessary, and too few are available, because of the com- 
plexity of older methods. A moderate degree of accuracy is sufficient, 
since variations among individual specimens are large and such varia- 
tions can be studied and treated only with a volume of data. The 
analysis of this method indicates that an uncertainty of less than 
5 percent is introduced by a lack of knowledge of the exact value of 
the Th/U ratio. If the potassium content is not measured the uncer- 
tainty increases to possibly 15 percent. The probable error, including 
the errors of measurement, is less than 25 percent except in a few 
isolated cases of relatively high potassium content and very low ura- 
nium and thorium values such as may be encountered in a few ultra- 
basic specimens. 

The ratio of the rate of production of radioactive heat in the-past 
to the present is very important in a consideration of geothermal 
problems. No equation for determining this ratio seems to have ap- 
peared in the literature. The ratio is relatively insensitive to a choice 
of the two independent variables, and guidance in their choice is 
afforded by the available radioactive measurements. No significant 
increase in heat production within the structure of the earth during 
the accepted age of the earth (210° years) may be inferred. 

The possibility of the existence of radio-elements hitherto unde- 
tected is explored from the point of view of their influence on the ratio 
of the heat production in the past to that at present. It is concluded 
that such elements could contribute an appreciable quantity of heat 
only before 1.5 X 10° years ago. 

APPENDIX 


The problem is to explore the possibility of the existence of radio- 
elements that have so far escaped detection but that contributed a 
considerable quantity of heat to the rocks of pre-Cambrian times 
(10° to 210° years ago). The existence of a series, analogous to the 
uranium I series, which produces at least the same quantity of heat 
per disintegration of the unknown parent as does UI, is the most 
favorable assumption. If this unknown series (subscript x) is to con- 
tribute 6 times the heat contribution of the uranium I series, 7’ years 
ago, then from equation (17), 


hyNxdrxe™" = Shy Nourrv1e™'*. (A) 


If the unknown parent x is an isotope of uranium, Nier finds the upper 
limit of abundance relative to U-238 to be at the most 1/12,000 for 
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AppENDIX TABLE.—VALUES OF @ AND THE RATE OF PRODUCTION OF HEAT IN THE Past 
RELATIVE TO THE PRESENT FOR VARIOUS CONSTANTS FOR AN UNKNOWN 
RADIOACTIVE SERIES 
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. Calculated from | ry italicized values with equation B. 


> From Fig. 3, 3, Q =8 X10%, with the heat contribution from the x-series added. 


© From Fig. 3, p=3 Q =8 X10, no x-series. 


mass numbers 242 to 231, exclusive of the known isotopes 235 and 
234." If the parent x is not an isotope of uranium, its limit of abun- 
dance could hardly be greater than 1/2,000 relative to U-238, other- 
wise alpha-particles or beta-rays should be detectable.- Substituting 
for the following examples, h.x=hy: and aN.=Nur, equation A be- 


comes 
AEM? = PadyyoUl?, (B) 


By assigning @ a given value for a chosen value of T’, e.g., 2.0 at 10° 
years, equation B can be solved for \,, and @ determined for other 
values of 7. These values are given in the Appendix table with the 
values of (H+/H) calculated for the additional heat from the x-series. 
Obviously the value of (H+/H) in column 10 can not even be doubled 
at 10° years without an absurd value of (H1/H) at .2X10° years 
(columns 3 and 7). The case for doubling the rate of production of 
heat at 1.5 10° years is more favorable (columns 5 and 9) although 
the values of (Hr/H) still increase considerably at 210° years and 
are only slightly greater than the value without the x-series at 10° 
years. The most favorable case is for a=2,000, \.=3.6X10-° yr, 
but the alpha-particle activity ratio of the unknown parent to that 
of UI in this case would be 1.2 percent, and the series should have been 
detected. Thus an appreciable increase of the heat ratios in Fig. 3 
due to an undiscovered radioactive series and, to a much greater ex- 
tent an undetected single radio-element, must be confined to a period 
before 1.5 10° years, that is, very early in the history of the earth; 
otherwise the birth-stage of the earth would be accompanied by ex- 
cessive production of radioactive heat. 


17 Nrer, A. O. Phys. Rev. 55: 150. 1939. 





Juty 15, 1941 coUCH & BRIESE: ANALYSIS OF CYANOGENETIC PLANTS 285 


CHEMISTRY.—The use of chloroform to accelerate cyanogenesis in 
the analysis of cyanogenetic plants.' J. F. Coucn and R. R. 
Brigse, U. 8S. Bureau of Animal Industry. (Communicated by 
H. W. ScHOENING.) 


In 1909 Guignard (5, 6) reported that when leaves or other tissues 
of cyanogenetic plants are subjected to cold or to certain anesthetics 
like ether or chloroform there is an increase in the rate at which hydro- 
cyanic acid is evolved. Mirande (7) applied this discovery in modify- 
ing Guignard’s picric acid paper test for the detection of cyanogenetic 
compounds in plants. Armstrong and his coworkers (1) developed and 
refined the technique applying the test to a large series of plants. 
Boyd and coworkers (2) used chloroform to accelerate cyanogenesis 
in their method for the rapid determination of HCN in Sudan grass. 
This technique has the disadvantage that the chloroform distills with 
the HCN and clouds the distillate, which obscures the end point in 
the subsequent titration with silver nitrate. 

A rapid process for the estimation of potential HCN in cyanogenetic 
plants is desirable. At present none of the available methods, with the 
exception of the mercuric-chloride process (3), is free from large 
errors. Much of the inaccuracy is due to slow development of the 
maximum HCN, while at the same time appreciable loss of HCN oc- 
curs through its conversion into other substances (4). Loss of HCN 
may be prevented by the use of mercuric chloride, but this substance 
considerably retards the analysis by inhibiting the enzyme. 

A comparative study of the rate of cyanogenesis in water with and 
without the addition of chloroform was made. The figures obtained 
by the slower mercuric-chloride method were used as controls. Sor- 
ghum varieties grown at the Arlington Experimental Farm of the U. 8. 
Bureau of Plant Industry under controlled conditions were available 
through the courtesy of Dr. J. H. Martin, of that Bureau. Samples 
were collected at 8:30 a.m. each morning. The entire plant of young 
first or second growth sorghums was used, but in the case of more 
mature plants the stalks were discarded and the leaves only were 
used. Fruiting heads, when present, were discarded with the stalks. 

Samples from young plants were sliced in small pieces with a sharp 
knife. The leaves of older plants were hashed through a meat chopper 
(3). In both cases the comminuted mass was thoroughly mixed and 
50-g samples were weighed out for analysis as rapidly as possible. 
The samples for water and for chloroform treatment were weighed 


1 Received March 28, 1941. 
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directly into 5-liter pyrex flasks and the water or water-chloroform 
mixture was added. One of the chloroform-water mixtures was im- 
mediately connected to a condenser and heat was applied. Fifteen 
mir.utes elapsed on the average before distillation commenced, and 
therefore these samples are reported in the table as being macerated 
one-fourth hour. Similar samples were tightly stoppered and incu- 
bated at 37° for 24 hours before analysis. Other samples were incu- 
bated with water for 24 and 48 hours at 37°. Samples for mercuric- 
chloride treatment were handled as previously described (3). 

Twenty-four collections of seven representative sorghum varieties 
were used in these experiments. Nine samples were of second-growth 
plants, and three were of suckers. The remaining 12 samples were 
leaves of first-growth plants. 

The results are presented in Table 1. In one case, that of second- 
growth Sharon kafir, the quarter-hour maceration with chloroform 
and the mercuric-chloride samples gave the same figure for HCN, 
within the limits of experimental error. In all other cases the chloro- 
form samples gave smaller figures than the standards and in many 
cases so far below as to demonstrate the inadequacy of chloroform to 
give accurate results. In 5 cases out of 14 where the samples were 
macerated 24 hours the chloroform figures were lower than those for 
water alone. In 5 out of 13 cases they were lower than the figures for 
48-hour water maceration. It appears that chloroform applied in this 
way can not be depended upon to give accurate as well as rapid re- 
sults. 

A few experiments were performed to test the utility of Roe’s 
method for amygdalin (8) when applied directly to the plant. Samples 
weighing 25 g were mixed with 1 cc of chloroform, placed in a small 
desiccator arranged so that air might be drawn through the mass and 
thence conducted through a solution of potassium hydroxide to catch 
the entrained HCN. Before entering the desiccator the air was drawn 
through a scrubber containing potassium hydroxide. After several 
hours the cyanide trapped in the absorption apparatus was titrated 
according to Liebig-Denigés. A new absorption train was connected 
to the desiccator and air was drawn through long enough to make 
the total aeration period 10 to 24 hours. The results are presented in 
Table 2 and are compared with the results obtained after maceration 
of another sample in water at 37° for 24 hours. The standard is the 
figure obtained by the mercuric-chloride process. In one case only, 
that of Sharon kafir, the chloroform sample gave a figure in excess 
of the water-macerated sample. In all instances the results of the 
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TaBLE 1.—Hyprocyanic Actp RECOVERED FROM SORGHUMS AFTER MACERATION IN 
WATER WITH AND WITHOUT THE ADDITION OF CHLOROFORM COMPARED WITH 
A STANDARD BASED ON PRESERVATION IN MERcuRIC CHLORIDE 
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aeration process were much below the standard. Even with a sample 
of wild-cherry leaves (Prunus serotina), a species in which cyanogene- 
sis is much more rapid than in sorghum, the aeration process yielded 
less than 50 percent of the standard. Adding small quantities of water 
to the plant mixtures did not improve the evolution sufficiently to 
make the process suitable as an accurate analytical procedure. 

The reason for the failure of the aeration method lies in the slow- 
ness of cyanogenesis under the experimental conditions. Roe obtained 
excellent results with amygdalin and emulsin in solution, a condition 
in which the glucoside and enzyme may readily come into contact. 
In hashed plant tissues, even where the permeability of the cell wall 
is increased by chloroform, it is more difficult to bring the glucoside 
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TaBLE 2.—Hyprocyanic Acitp RECOVERED FROM CYANOGENETIC PLANTS BY THE 
AERATION PROcEsS 











Variety 


Height 


Moisture 


Hydrocyanic acid per 100 g 
calculated to dry plant 





tion in water 
for 24 hours 


After macera-|After aera- | 


tion with 
CHCl, 


Stand- 
| ard 





19388 
September 26 
28 
October 3 
17 
5 





Hegari 

Sharon kafir 
Prunus serotina 
Spur feterita 
Spur feterita 





8-14 





Percent 
72.71 
86.41 
57.75 
85.03 
81.33 


Mg. 
26 
76 

454 

154 

164 








Mg. 
32 
110 
555 
208 
210 | 





Leaves 

Second growth 

Leaves 

Second growth 
_ 





and enzyme into contact. The addition of 10 to 20 parts of water and 
maceration at 37° for 24 hours seldom develop the maximum quantity 
of HCN potential in the plant. This is due to a combination of factors, 
but adsorption of the enzyme on the plant fiber and consequent in- 
hibition of contact with the glucoside appear to play an important 
réle in this respect. 
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PALEONTOLOGY.—Paleocene mammals from the Denver Basin, 
Colorado! C. Lewis Gazin, U.S. National Museum. 


The untiring search by Dr. Roland W. Brown, of the U. 8. Geo- 
logical Survey, for Paleocene mammal remains in the Denver Basin 
resulted during the field seasons of 1939 and 1940 in the discovery of 
certain materials indicative of Paleocene age. The specimens are of a 
rather fragmentary nature, but their occurrence at strategic localities 
warrants a somewhat more detailed description than might otherwise 
have been given. The localities involved are of historic importance in 
the Cretaceous-Tertiary boundary controversy, and the mammals 
herein described, together with the previously known occurrences of 
dinosaur materials, serve to determine this boundary or greatly to re- 
strict the known limits of its possible position in this region. 

The two principal localities are the small but conspicuous area of 
exposure on the southeastern portion of South Table Mountain 
(Fig. 1), near Golden, Colo., and in an amphitheater of badlands 
called Corral Bluffs, east of Jimmy Camp Creek, about 14 miles east 
of Colorado Springs. The writer visited the region of the second lo- 
cality in 1932 in the company of L. W. Nicklaus, of Colorado Springs, 
and the South Table Mountain with R. W. Brown in 1940. 

The South Table Mountain materials are, as determined by Brown, 
from SW 3} NW j, sec. 31, T. 3 S., R. 69 W., in the lower part of the 
Denver formation, about 50 feet above the highest occurrences of 
dinosaur materials in the same formation. The section at this locality 
may be seen from a distance to include a lower dark zone, a middle 
light-colored band, and an upper dark band, including the basaltic 
lava cap of the mesa. Brown has found that the lower part of the 
exposed section, entirely within the Denver formation, includes about 
21 feet of drab-green andesitic sandstone with dinosaur and turtle 
remains, capped by a 3-foot bed of drab conglomerate. Fifty feet 
above this and about 225 feet below the basalt the mammalian re- 
mains occurred, together with specimens of the typical Denver flora, 
in a light, sandy clay bed of the middle light-colored zone. Hence the 
Cretaceous-Tertiary transition is seen to occur within the lower part 
of the Denver formation, between the dark dinosaur-bearing deposits 
and the mammal and plant horizon in the light, sandy clay zone. The 
boundary is considered by Brown to be at about the base of the light- 
colored middle zone (see Fig. 1). 


1 Published by permission of the Secretary, Smithsonian Institution. Received 
May 21, 1941. 
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Fig. 1.—Exposures on southeast face of South Table Mountain, near Golden, Colo. 
The man stands at the place where the jaw of Baioconodon denverensis was found. The 
arrows indicate the position of the Cretaceous—Tertiary boundary as interpreted by 
R. W. Brown. Photograph by Brown. 


The mammalian materials from South Table Mountain include a 
lower jaw fragment with two teeth, herein described as representing 
a new genus and species, Baioconodon denverensis. The form appears 
most closely related to lower Paleocene creodonts and seems beyond 
reasonable doubt to be Paleocene in age. Two other lower jaw por- 
tions, with teeth not preserved or too worn for certain recognition, 
are tentatively referred to this form. A fourth small jaw fragment with 
most of two premolars preserved, but well worn, may represent an 
anisonchine periptychid. 

The South Table Mountain Paleocene fauna as known may be 
listed as follows: 

Reptilia: 
Allognathosuchus sp. 
Compsemys sp. 
Trionychid sp. 

Mammalia: 


Baioconodon denverensis, n. gen. and sp. 
Periptychid? sp. 


The crocodile teeth and fragments of turtle shell were identified by 
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C. W. Gilmore, of the National Museum. These are of a highly frag- 
mentary nature and apparently of little or no stratigraphic signifi- 
cance. 

The Tertiary in the region east of Colorado Springs, in the vicinity 
of Corral Bluffs and Jimmy Camp Creek, has produced, in addition 
to undetermined turtle fragments, three mammal specimens. A speci- 
men collected by R. W. Brown and C. E. Staudte at Corral Bluffs to 
the east of Jimmy Camp Creek is the most readily identified and in- 
cludes upper and lower jaw material with teeth. It is referred to the 
Puercan species Conacodon entoconus (Cope).2 The specimen was 
found in the northeast “corner’’ of the ‘amphitheater’ on the saddle 
of a long spur projecting southward toward State Highway 94, in 
SWiNE} sec. 6, T. 14 S., R. 64 W. The lower Paleocene age of the 
specimen is evident, and this horizon, identified by Brown as high in 
the lower part of the Dawson Arkose, is closely related in time to the 
Puerco of New Mexico. The mammal level was determined by Brown 
to be approximately 100 feet above the dinosaur bearing beds farther 
west on Jimmy Camp Creek. 

A specimen found by Richardson,’ and identified by Gidley as a 
creodont tibia of Eocene age, came from farther west near Jimmy 
Camp Creek, SW3 sec. 2, T. 14 S., R. 65 W., 600 feet above the base 
of the Dawson Arkose. Brown has checked this locality and finds that 
no dinosaur-bearing strata outcrop in this section and that the tibia 
comes from about 100 feet above the dinosaur material reported by 
W. T. Lee,‘ roughly equivalent to the level of the Conacodon jaws in 
Corral Bluffs. The creodont tibia is not in the collections of the Na- 
tional Museum; however, the fact of its being a tibia suggests that no 
accurate diagnosis was feasible, other than an early Tertiary age. 
Hence, a Paleocene age seems entirely possible. Gidley’s statement, 
of course, did not preclude the possibility of such an age assignment 
because at the time of Richardson’s folio, 1912, the U. S. Geological 
Survey did not recognize the term Paleocene. 

From the evidence of this mammalian material, particularly the 
Conacodon jaws, together with the known occurrences of dinosaur re- 
mains, it is concluded that the Cretaceous—Tertiary boundary here 
comes high in the lower part of the Dawson Arkose, at an horizon 
that, according to Brown, is near the base of the zone of workable 
coals, between 500 and 600 feet above the base of the formation. 


2? See W. D. Marruew. Trans. Amer. Philos. Soc., n.s., 30: 145-149, fig 30. 1937. 

*G. B. Ricuarpson. Bull. Geol. Soc. Amer. 23: 272. 1912. Also, U. 8S. Geol. 
Surv. Folio 198: 8. 1915. 

*W.T. Lee. Amer. Journ. Sci. (4) 35: 531. 1913. 
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The specimen found by L. W. Nicklaus in the Corral Bluffs ap- 
parently comes from a somewhat lower level than the Conacodon jaws 
and constitutes further evidence for the presence of a large creodont 
in the Dawson Arkose. 

The materials from the Dawson formation east of Colorado Springs 
may be listed as follows: 

Reptilia: 
Champsosaurus?® sp. 
Testudinate remains 
Mammalia: 
Creodont, near Eoconodon heilprinianus (Cope) 
Creodont, undet. 
Carsioptychus?® sp. 
Conacodon cf. entoconus (Cope) 

In addition to the above occurrences mention may be made, as a 
matter of record, of a small mammal jaw without teeth, which, to- 
gether with turtle remains, was found by Brown in 1940 near a coal 
mine in sec. 2, T. 9 S., R. 62 W., about 3.3 miles west of Norton, Colo., 
and east of Castle Rock. The specimen may be from a Paleocene mam- 
mal, though certainly not determinable, and comes from the upper 
part of the lower Dawson. The form is near the size of Ellipsodon 
lemuroides, and as in most species of that genus, it had its third molar 
reduced in size, as indicated by the root portions of the teeth. 


CREODONTA 
Baioconodon,' n. gen. 

Generic characters.—Trigonid of lower molars moderately elevated, with 
paraconid lingual and well defined. Ridge extending anterolingually from 
hypoconid joins posterior wall of trigonid at distinctly lingual point. M; un- 
reduced, with hypoconulid crenulate and talonid basin exhibiting rugae. 
External cingulae developed. 

Genotype.—Batoconodon denverensis, n. sp. 


Baioconodon denverensis, n. sp. 

Type.—Portion of right ramus of mandible with M2 and M3, U. 8. N. M. 
no. 16621. 

Horizon and locality Denver formation, lower Paleocene, South Table 
Mountain, near Golden, Colo., in SW} NW3} sec. 31, T.38., R. 69 W. 

Specific characters.—Size much smaller than Eoconodon hetlprinianus, near 
that of Loxolophus priscus. Specific characters not otherwise distinguished 
from generic characters. 

Description.—The jaw fragment of Baioconodon is not greatly different in 


5 Additional materials collected by R. W. Brown and the writer on June 5, 1941, 
from the Dawson Arkose at Corral Bluffs include specimens tentatively identified, 
while in the field, as Champsosaurus and Carsioptychus. The reptilian form is repre- 
sented by several vertebrae and the periptychid mammal by fragments of a right lower 
jaw with only the root portions of the teeth from P,; to M; and a separate right lower 
jaw fragment with one of the premolars preserved. Champsosaurus is known from sev- 
eral Paleocene occurrences pe Carsioptychus is characteristic of the Puercan stage of 
the Paleocene. 

6 Baiés, small, + conodon, as in Eoconodon. 
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size from that of Lexolophus priscus, much smaller than in Eoconodon heil- 
prinianus, which it more closely resembles in the structure of the molars. 
The talonid portion of M: is about the same width as the trigonid, and having 
about the same anteroposterior extent. M; shows almost no reduction in 
size from that of Me, and the talonid portion is a little longer and narrower 
than the trigonid. The trigonid portions of both teeth are elevated with re- 
spect to the talonids, but apparently a little less so than observed in some 
material of Eoconodon. The paraconid of both molars is well defined, lingual 
in position, and rather sharply distinct from the metaconid. The talonid 
portion is well basined and exhibits a distinct hypoconid, entoconid, and 
hypoconulid, the well-developed posterior crest or hypoconulid on M; being 


TAS 


Pe 


Fig. 2.—Baioconodon denverensis, n. gen. and sp. Portion of right ramus of man- 
dible with M2 and M;, U.S.N.M. no. 16621, type specimen, lateral and occlusal views. 
X3. Denver Paleocene, Golden, Colo. Drawing by Sydney Prentice. 


somewhat crenulated. The basin of M; is further characterized by sharp 
crests, one long and one short, extending into the basin posterolingually 
from the ridge anterolingual to the hypoconid. The principal character of the 
talonid portion of the molar is the markedly lingual point at which the crest 
extending anterolingually from the hypoconid joins the trigonid portion of 
the tooth, this being a noticeable distinction when comparison is made with 
material of Loxolophus, and is most closely approached in the large Hocono- 
don. The two lower molars of Baioconodon denverensis are also characterized 
by a prominent external cingulum which shows a conspicuous cusp between 
the protoconid and hypoconid, especially in Mz» where it extends inward 
noticeably between the principal outer cusps. 

The anteroposterior diameters of Mz and M; are 6.8 and approximately 
8.5 mm., and their greatest transverse diameters about 6 and 5.6 mm, 
respectively. 

In comparison with material of Lozolophus, M; in Baioconodon denverensis 
is seen to be less reduced in size. The paraconid occupies a more lingual posi- 
tion in both Mz and M; and the talonid portion in Me appears relatively 
shorter anteroposteriorly. The crest extending forward from the hypoconid 
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joins the trigonid at a much more lingual position, and the external cingulum 
is better developed than in any of the Lorolophus material examined. 

Baioconodon denverensis is considerably smaller than FEoconodon heil- 
printanus, and the paraconid on the last two molars is relatively better de- 
veloped, higher, and more distinct from the metaconid. The trigonid, though 
elevated with respect to the talonid, is relatively not so high as in teeth of 
Eoconodon showing comparable wear. M; in Batoconodon denverensis is a 
little larger with respect to Me, and also shows a somewhat more complex 
talonid portion than in Eoconodon heilprinianus. M; seems slightly more re- 
duced in Eoconodon gaudrianus (Amer. Mus. no. 3400) but much more 
reduced in Goniacodon. 

Two other specimens from the same locality on South Table Mountain, 
exhibiting greater portions of the mandible, but with the teeth broken off or 
too badly worn for certain recognition, may also represent Baioconodon 
denverensis, although there is no certainty that they do. No. 16622, a right 
mandibular portion possessing only the root portions of P, to Ms, is of a 
little greater size than the type, and the masseteric crest does not extend so 
far forward, although the roots of the teeth have the same shape and propor- 
tions as in no. 16621. If the two are conspecific, the edentulous jaw may well 
be from a much older individual, as the teeth in the type are but very little 
worn. 

No. 16624 is a left mandibular ramus, exhibiting root portions of the teeth 
from the canine to M;. The molars have their crowns partially preserved but 
so badly worn as to be unrecognizable. Much of the wear on these and the 
root portions of the preceding teeth may have been largely erosion post 
mortem. The jaw itself is a little more slender below the molars than either 
no. 16621 or 16622, but the depth is intermediate between the two. The teeth, 
however, appear to have been slightly smaller than in either and the root 


portions of M; relatively a little narrower, perhaps more indicative of 
Lozxolophus, which it may well represent, although the root portions of the 
premolars suggest that these teeth may have been relatively wider and more 
closely spaced than in material of Lorolophus at hand. 


Creodont, near Eoconodon heilprinianus (Cope) 


A fragment of a left ramus of the mandible with an almost unworn lower 
molar, U. 8. N. M. no. 16626, was found by L. W. Nicklaus, of Colorado 
Springs, in the bluffs near Jimmy Camp Creek east of Colorado Springs. The 
form represented, clearly a large creodont, is apparently of the triisodontine 
or possibly arctocyonine type. The molar is of about the size of M; in Eocono- 
don heilprinianus but is a little shorter and wider. It rather noticeably re- 
sembles lower teeth of this form in the characters of the cusps. The outline 
of the tooth suggests that it may be a first lower molar, but the cusps or pat- 
tern of the trigonid more closely resembles M:; in E. heilprinianus. The trigo- 
nid is less elevated, but the paraconid is decidedly forward and lingual in 
position as in that form. The talonid portion is relatively shorter and wider 
than in Eoconodon and the basin is correspondingly wider, but the crest ex- 
tending anterolingually from the hypocone joins the posterior wall of the 
trigonid at a position almost as lingual as in Eoconodon, much more so than in 
Claenodon. 

The specimen seems to represent neither Protogonodon nor Claenodon, as 
indicated by characters of both the trigonid and talonid of the tooth, but 
may be from a form of Eoconodon; however, because of the somewhat more 
brachydont trigonid portion, it is not regarded at present as certainly repre- 
senting a species of that genus. 
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CONDYLARTHRA 
Conacodon cf. entoconus (Cope) 


Portions of both maxillae with several well-worn cheek teeth and a left 
ramus of the mandible with P:, P;, and the three molars, all belonging to the 
same individual, U. 8. N. M. no. 16625, were found by Brown and Staudte 
east of Jimmy Camp Creek, about 14 miles east of Colorado Springs and in 
the Dawson formation (SWiNE} sec. 6, T. 148., R. 64 W.). The form is 
a periptychid condylarth and apparently represents the species Conacodon 
entoconus. The teeth are rather well worn but not so much so as to leave any 
doubt as to the affinities of the form. The development of the premolars as 
indicated in the right maxilla and lower jaw is in a stage equivalent to that 
seen in Puerco material, and the teeth in general are entirely comparable, 
except for a little greater width of the lower molars than in any of the Puerco 
material at hand. The upper molars may also have been relatively wide, 
but all these are damaged along the outer wall, and this, together with the 
sloping character of inner wall, prevents accurate measurement. 


Periptychid? sp. 


A small fragment of a lower jaw, no. 16623, with one complete premolar, 
P; or P,, and half of the preceding tooth, both well worn, was found by 
Brown at the South Table Mountain locality. The specimen appears to be of 
a periptychid type of mammal, and the development of the premolars is 
about intermediate between the Puercan forms Hemithlaeus kowalevskianus 
and Conacodon entoconus. Although well worn, the extent of the talonid 
portion on each tooth can be ascertained, and this seems more nearly equiva- 
lent to that in Hemithlaeus, not so reduced as in Conacodon, although the pre- 


molars as a whole approach in size those of Conacodon entoconus. The speci- 
men was found in close association with no. 16622, referred tentatively to 
Baioconodon denverensis, but because of duplication of parts, it can not belong 
to the same individual. These may well be premolars of B. denverensis, as 
indicated by the size of the roots, but the crown portions are suggestive of 
an anisonchine periptychid rather than a creodont. 
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PHYTOPATHOLOGY.—An evaluation of the results of treatments 
given narcissus bulbs for the control of the nematode Ditylenchus 
dipsaci (Kiihn) Filipjev.' B. G. Currwoop, U. S. Bureau of 
Plant Industry, and F. 8. BLanrton, U. 8. Bureau of Entomology 
and Plant Quarantine. 


Hot-water treatment of narcissus bulbs for the control of the bulb 
and stem nematode, Ditylenchus dipsaci (Kiihn) Filipjev, was inaugu- 
rated by Ramsbottom? and Van Slogteren.* In order to protect nar- 
cissus plantings in this country from this pest imported and domestic 
bulbs have been subjected to hot-water treatment. Originally this 
treatment consisted of the exposure of bulbs to hot water at 110°F. 
for 3 to 4 hours. Failure of such treatments to control the disease ade- 
quately was responsible for the instigation of further experimental 
work. As a result of this work a pre-soak of the bulbs for 2 hours in 
water at 70 to 80°F. was added to make the treatment more effective. 
Later it was suggested that the treatment bath itself might be im- 
proved by the addition of formalin. Vapor-heat treatments were also 
proposed as a substitute for hot-water treatments, because the latter 
promoted the growth of fungous diseases. 

The data included herein are the result of work during the years 
1931-1939 by Messrs. Spruijt, Thorne, Blanton, and Chitwood; Miss 
E. M. Buhrer; and Mrs. Grace 8. Cobb. The writers have assembled 
these data according to treatment, year (except table 2), and technic 
of handling. 

There are two possible objectives in the treatment of plants for 
the control of parasites: (1) Eradication of or cure from infestation; 
(2) reduction of infestation. Since none of the known treatments indi- 
cate probable attainment of the first objective, this paper is concerned 
with the reduction of infestation. This may be approached either 
from the standpoint of (a) the reduction in number of living speci- 
mens in each plant or (b) the reduction in number of infested plants. 
Treatments acceptable for one purpose may be of no great value for 
the other purpose. This seems to be the case in daffodil bulbs infected 
with the bulb and stem nematode, Ditylenchus dipsaci. Since a male 
and a female of this species could theoretically produce 200,000 off- 

1 The writers wish to acknowledge the assistance of Dr. F. M. Wadley and L. 
Reed, of the Bureau of Entomology and Plant Quarantine, who have made many help: 
ful su gestions relative to the statistical methods. Received April 22, 1941. 


AMsBoTtTom, J. K. Investigations on the narcissus disease. Journ. Roy. Hort. Soc. 
43: BL 64. 1918; Experiments on the control of eelworm disease of narcissus, ibid.: 


65-78. 
8’ SLOGTEREN, E. van. De Toepassing van warmie als Bestrijdingsmiddel van eenige 


Bloembollensiekten. Weekblad voor Bloembollcult. 30: 63—66, 69-71. 1919. 
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spring in 90 days, it seems doubtful that mere reduction in numbers of 
living nemas would be of any real benefit. Moreover, reduction in 
numbers of nemas for each bulb would not reduce the number of foci 
of infestation in the field. 

Inconsistent results have been a feature of all experimental work 
involving the determination of nemic mortality. The literature is ex- 
tensive, but the particulars are not especially informative. In general, 
experimental work has been conducted in two manners. One method 
has been to treat infected stocks and make field observations the fol- 
lowing year. This method has not been productive, since sometimes 
the symptoms appear to be suppressed the year following treatment 
and to reappear later. The other method has been to treat one or 
more known infected bulbs at each of a number of durations and 
temperatures and later to determine the percent nematode revival in 
them. This method does not take into consideration the natural vari- 
ation in biological data. In this paper only those records showing 
complete mortality in a given bulb are given consideration. Much of 
the data was obtained prior to realization of the necessary require- 
ments. However, since these data show that many treatments com- 
monly thought to be of value are not satisfactory, we feel they are 
worthy of recording. The writers have applied, for the first time, sta- 
tistical methods for the evaluation of treatments of bulbs for the 
control of the stem and bulb eelworm and have found that one can 
now predict, with reasonable assurance, the efficacy of treatments. 


RESULTS FOR THE YEARS 1931-1938 


The data are presented in tabular form, the hot-water and modifications 
of the hot-water treatments applied in the years 1932-1938 constituting 
table 1, and vapor heat and its modifications for the years 1931-1938 con- 
stituting table 2. In both tables each block contains two numbers, the first 
representing the number of examinations in which one or more living nemas 
(D. dipsact) were found, the second representing the number of examinations 
in which specimens of D. dipsaci were found either living or dead. The num- 
ber of bulbs in each examination varied from 1 to 30. A single record of 
“no living” D. dipsaci in a treatment is not evidence that this treatment is 
satisfactory, since sometimes the same treatment at greater duration or a 
similar treatment at higher temperature contains living specimens. Un- 
doubtedly several records of no living specimens would be necessary before 
a treatment could be considered satisiactory, since a few records might be 
due to chance. Sometimes other species of nemas remain alive in bulbs in 
which all the D. dipsaci are apparently dead. Such species include Aphe- 
lenchoides parietinus (Bastian) Steiner, A phelenchus avenae Bastian, Cephal- 
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obus spp., and Panagrolaimus subelongatus (Cobb) Thorne; these cases are 
marked by an asterisk. Often no nemas were observed in washings of chopped 
treated bulbs, either because they were absent or because it is often difficult 
to establish the presence of D. dipsaci in bulbs receiving satisfactory or near- 
satisfactory treatment even when they are present; examination of the data 
has shown that if it were assumed that absence of nemas indicated a kill, one 
would be in error nearly half the time. Consequently, such records (0-0) 
can not be used. A single examination based on two or more bulbs should be 
of more value than an examination based on one bulb. Since it is impossible 
to state either what proportion of the bulbs was actually infected before 
treatment or, if living D. dipsaci are present, in what proportion all the 
nemas were killed, each record as given in tables 1 and 2 must be interpreted 
as a single observation. Thus a record of 0-1 indicates one observation in 
which all specimens of D. dipsaci were found dead, regardless of number of 
bulbs in the given sample, while 5-10 indicates 10 observations covering 10 
samples in which specimens were identified living or dead and 5 samples in 
which they were found living, regardless of number of bulbs in each sample. 

The treatment dates of the various years were as follows: 

1. Vapor heat.—Sept. 16-28, 1931; Sept. 7-14, 1932; Sept. 8-13, 1933; 
July 26 to Sept. 13 (weekly), 1934; Oct. 9-14, 1936, and Sept. 21-26, 1938. 
The series of vapor heat treatments in 1934 were made for 3, 4, and 5 hours, 
duration at three temperatures, 114, 116, and 118°F.; one sample at each 
temperature and duration was treated each week during the period. The total 
numbers of samples providing living D. dipsaci on these dates were 5, 6, 5, 
9, 5, 9, 8, and 5 out of a possible 9 for each respective week. 

2. Hot water.—Sept. 7-14, 1932; Sept. 20-23, 1933; Oct. 9-14, 1936; 
Sept. 14-16, 1938. 

The average number of bulbs constituting a single sample for each of the 
years was as follows: 1931, vapor heat 1; 1932, vapor heat and hot water 
1.4; 1933, vapor heat 1.1 and hot water 3.7; 1934, vapor heat 4.4; 1936, 
vapor heat 1.5 and hot water 1.9; 1938, vapor heat and hot water 12. 

The results of the 1931 and 1932 vapor-heat treatments were published by 
Spruijt and Blanton.‘ They are included here for the sake of completeness. 

Since tests on the permeability of nemic membranes* had indicated a rela- 
tive impermeability of nemic membranes at room temperature, special 
tests were conducted in 1938. In these tests infected bulbs were soaked in 
0.75 per cent and 0.5 per cent formalin at room temperature and served as a 
basis for the following records respectively (presented as in tables 1 and 2): 
2 hours 1-2 and 2-2; 4 hours 2-2 and 4-4; 6 hours 2-2 and 4-4. Infected 
bulbs soaked in a 1 per cent solution of formalin at room temperature gave 
the following results: 24 hours 3-3; 48 hours 3-4: 72 hours 3-4; 96 hours 
0-2. From these results, formalin at room temperature is obviously ineffec- 


‘ Journ. Econ. Ent. 26(3): 613-620, tables 1-3. 1932. 
5 Cuitwoop, B. G. Proc. Helm. Soe. Washington. 5(2): 68-75. 1938. 
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TaBLeE 1.—Errect or Hot-WaTER AND ITS COMBINATIONS ON THE CONTROL OF THE 
Bus anp Stem Nema, Dity.Lencuus pipsaci (Ktun) Finivsev 








Duration in hourst 





Type of treatment{t Temp. 
5 6 7 





Hot water 6-8 
Formalin (1:199). 2-6 
Formalin (1:99) | 





Hot water 

Hot water—Presoak 

Hot water—Presoak 

1938 | Formalin (1:199) 

1938 | Formalin (1:99) 

1938 | Formalin (1:199)—Presoak| 
1936 | Formalin (1:199)—Presoak 
1938 | Formalin (1:132) 

1938 | Formalin (1:132)—Presoak 























1933 | Hot water 








1932 | Hot water 

1936 | Hot water—Presoak 

1938 | Hot water—Presoak 

1936 | Formalin (1:199)—Presoak 
1938} Formalin (1: 199)}—Presoak; 


A et att ttl tee 








1932| Hot water | 0-2 | 0-2] 0-1) O-4 
1933 | Hot water | | | 


an reteciinitiinclcatllt nti tsintio 








1932 | Hot water | 0-0] 0-1) 0-1 


1938 | Hot water 

1938 | Hot water—Presoak 

1936 | Hot water—Presoak 

1938 | Formalin (1:199) 

1936 | Formalin (1:199)—Presoak 

1938 | Formalin (1:199)—Presoak 

1938} Formalin (1:132) 

1938 | Formalin (1:132)—Presoak| 114 
} 

1932| Hot water 115 

1933 Hot water...... 115 
































1932 | Hot water 116 
1936 | Hot water—Presoak 116 
1936 | Formalin (1:199)—Presoak) 116 
1932 | Hot water 117 

1933 | Hot water... . 0-4 | 0-3) 0-3 
1932| Hot water...............| | 0-1 | 0-1) 0-0 
1933 Fe | 1-3 0-3| 0-3 
1938 | 6-21; 0-20) 0-6 
1938 0-3 | 0-1 | 


1932 | 





























1932 | 





* Other species of living nematodes also found. 

t In each block two numbers are given, the first of which represents the number of examinations in which 
living D. dipsaci were observed and the second represents the number of examinations in which D. dipsaci were 
observed either living or dead. The italic numbers represent records invalidated by the observation of living 
nematodes in more severe treatments. 

t Presoak means that the treatment was preceded by a presoak in water at 70-80°F. 
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TaBLe 2.—Errect oF Vapor Heat AND ITS COMBINATIONS ON THE CONTROL OF THE 
Bus AND Stem Nema, DiryLencuvus pipsaci (Kiiun) Fiipsev 








| Duration in hourst 
Type of treatment* | Temp. | 








. 
Vapor heat ey 
Vapor heat—Preheat. — 
Vapor hont—Semiate.. : 110 
Vapor heat—Formalin greseek 110 





Vapor heat 





Vapor heat 

Vapor heat—Preheat 

Vapor heat—Presoak 

Vapor heat—Formalin presoak | 














| 0-2 fon 0-2/0-1) 0-1 


Vapor heat... 





Vapor heat ty 8-9 | 0-0 | 0-1/ 0-1| 0-0} 0-1 
Vapor heat—Preheat - rij - 1 1-1 | } 
Vapor heat—Presoak | 4 0-0 0-0 
Vapor heat—Formalin presoak | | 0-0 | 0-0 | 0-1 0-1 | 








| O-1 | O-1 | O-1 -0 | 0-1 | O-1| u-1 





Vapor heat 

Vapor heat—Preheat 

Vapor heat—Presoak 

Vapor heat—Formalin presoak | 











Vapor heat 





Vapor heat 
Vapor heat—Preheat } 
Vapor heat—Presoak 0-0 0-0 | 0-0 | 

J 





Vapor heat—Formalin presoak| 118 0-0 | 0-0 











Vapor heat 0-3 | 

















* Preheat means that the treatment was preceded by 2 hours of preheating at 70—80°F.; presoak, treatment 
preceded by a presoak in water for 2 hours at 70-80°F .; formalin presoak, treatment preceded by a presoak in 
formalin (1:199) at 70-80°F. 

t In each block two numbers are given, the first of which represents the number of examinations in which 
living D. dipsaci were observed and the second the number of examinations in which D. dipsaci were observed 
either living or dead. 





tive as a nematocide for nemas in bulbs. Since results presented elsewhere in 
this paper show that formalin at higher temperature is effective, heat ap- 
pears to be essential for the action of formalin on D. dipsaci in narcissus 
bulbs. 


DETERMINATION OF A STANDARD OF EFFICACY 
The variability in efficacy of a given treatment is emphasized by the find- 


ing of living D. dipsaci after treatments at higher temperature, longer dura- 
tion, or greater concentration of formalin than those after which no living 
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specimens were found. Before making a recommendation one should be able 
to predict the proportion of bulbs in which all specimens of D. dipsaci would 
be killed. Commercial stocks of narcissus bulbs are considered badly diseased 
when 5 percent are infected with nematodes. This would be 50 in 1,000. If un- 
treated, each bulb may easily serve as a source of infection for three addi- 
tional bulbs. Thus, in one year the number could increase to 200. If treated 
in such a manner that all the nemas are killed in 19 out of 20 infected bulbs 
(95 percent), then three out of 50 (6 percent) would be left infected; one 
might expect 12 infected bulbs in one year and 48 in two years. The treat- 
ment would then have to be repeated. If the original lot of 1,000 bulbs, 5 
percent infected, were treated in such a manner as to kill all the nemas in 
18 out of 20 bulbs (90 percent), then one might expect five bulbs (10 per- 
cent) to be left infected, which would increase to 20 in one year and 80 in two 
years. Hence it would be necessary to treat every year in order to reduce 
the infection. Annual treatments being impractical, the minimum standard 
of efficacy should be better than 90 percent, preferably 95 percent so that 
a treatment is necessary only in alternate years. 

The problem now is to determine how many bulbs must be examined to 
assure a statistically sound basis for measuring efficacy. Such a basis is fur- 
nished by the binomial distribution.*® 

Let p=any assumed efheacy expressed as a proportion of 1; let g=the 
remainder, also expressed as a proportion of 1; and let n=the number of 
bulbs examined. For instance, for a desired efficacy of 90 percent, p=0.9, 
q=0.1. 

Then expansion of (p+gq)" represents the various class frequencies ex- 
pected, the first term being the proportion of zeros expected, the second the 
number of ones, the third the number of twos, etc. 

In order to predict with 19:1 probability that a treatment giving zero sur- 
vival from a homogeneous lot of infected bulbs has an efficacy better than a 
desired efficacy p, the number must be such that p*=0.05 or less. This is true 
because with the assumed efficacy and smaller numbers, random sampling 
will give zero more than 5 percent of the time and a somewhat lower efficacy 
will give zero 5 percent of the time. Thus with smaller numbers we will not 
have assurance that a zero means efficacy of p or better. With larger or equal 
numbers such assurance is obtained: With groups of bulbs showing hetero- 
geneity, more variation may be expected, and somewhat larger numbers 
might be needed. 

In order similarly to predict with 19:1 probability that a treatment giving 
1 survival has an efficacy better than a desired efficacy p, the number must 
be such that p"-+-np* ¢=0.05 or less. With still larger numbers of survivors 
the formula becomes increasingly complex. 

Assuming an efficacy of 90 percent, a complete kill would have to be ob- 
tained in 29 bulbs. Living nemas in one bulb would have to represent 46 


6 SnepEcor. Statistical methods, rev. ed. 1938. 
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treated bulbs; similarly two, three and four bulbs with living nemas would 
have to represent 61, 76, and 89 bulbs respectively. An apparently perfect 
treatment would not be recommendable if based on less than 29 bulb exami- 
nations. 

Assuming an efficacy of 95 percent, a complete kill in 59 bulbs would be 
required in order to prove the treatment better than the assumed efficacy. A 
treatment must be considerably better than an assumed efficacy to show its 
superiority with a high probability statistically. As the efficacies of treat- 
ments more closely approach 100 percent one is nearly justified in accepting 
the actual efficacies since the numbers of bulbs must be so large. 

In order to make the greatest possible use of the data available, it would 
appear that one is justified in selecting any given treatment and adding to its 
record the records of all treatments of lesser severity unti! one comes to a rec- 
ord of living nemas. This is an approximate method leading only to tentative 
conclusions. 


PERCENTAGE OF FORMALIN AND RATIO OF BULBS TO LIQUID 


An experiment was designed to test the significance of the proportion of 
bulbs to quantity of liquid in the treating tank, the liquid varying in percent- | 
age of formalin. The percentages of formalin were 0.25, 0.5, 0.75, and 1.0; the 
proportions of bulbs to liquid (by weight) were 1:2.8, 1:4, and 1:5.3; treat- 
ment durations were 2, 3, 4, and 5 hours. All treatments were at 110°F. with 
no presoak. Allowance was made for actual time required for the liquid in 


the treating chamber to return to 110°F. after the bulbs were put in. The 
bulbs were medium-sized Laurens Koster. Each sample contained five sup- 
posedly infected bulbs. They were held submerged by crossed garden labels. 
The treatments were conducted in 1-gallon cans submerged in a standard 
treating tank with an agitator. No agitator was present in the individual 
cans. The temperature was taken for the cans and not the tank. Treatments 
were conducted September 26 to 29, 1939. 

The data are presented in table 3. 

Totals by duration show that the 2-hour treatment (13-35) was unsatis- 
factory; by actual record the 3-hour treatment (4-44) was better but of 
questionable value; the 5-hour treatment (2-36) was still better by actual 
record ; and the 4-hour treatment (0-42) was perfect. Since both of the bulbs 
with living nemas in the 5-hour treatments were in 0.25 percent formalin 
solutions, it is apparent that this concentration is unsatisfactory. 

Totals by ratio of solution weight to bulb weight show no striking differ- 
ences but the 5.3: 1 ratio shows a lower survival than the 2.8:1 or 4:1 ratios. 

Totals by percentage of formalin are likewise inconsistent with practically 
identical results with the 0.25, 0.75, and 1.0 percent solutions and poorer re- 
sults with the 0.5 percent solution. However, six of the seven bulbs unsatis- 
factorily treated in 0.5 percent formalin were in the 2-hour duration and five 
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TasBLe 3.—Errect or Hor Water aT 110°F. on THe Conrrou or D. pIPpsaAcI WITH 
RELATION TO THE PERCENTAGE OF FORMALIN AND THE RATIO OF 
So.vTiIon To Buss, 1939 











Solution weight Duration in hourst Totalt 


Bulb weight : 3 4 By ratio | By percent 


e 








1-10 
1-12 
2-15 
2-14 
5-15 
0-10 
1-15 
1-14 
2-14 
2-11 
2-13 
0-5 0-14 


0-2 
0-5 
0-3 
0-4 
0-4 
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0-3 
0-4 
0-3 
0-3 
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Grand total... 0-42 19-157 














* Other species of nematodes. 

t In each block two numbers are given, the first of which represents the number of examinatiors in which 
living specimens of D. dipsaci were observed and the second rep ts the ber of examinations in which 
specimens of D. dipsaci were observed either living or dead. 

t Totals by solution-bulb ratio are as follows: 2.8:1, 6-50; 4:1, 9-54; 5.3:1, 4-53. 





were in a single treatment. This could have easily been due to error in the 
treatment technique. 


EFFECT OF REUSING THE SAME FORMALIN SOLUTION 

An experiment was designed to test the possibilities of repeated treatments 
in the same solution of formalin at 110°F. A constant volume of liquid and a 
constant weight of bulbs (5 pounds, or 2.268 kg) was maintained. The treat- 
ing tank was a constant temperature bath with agitator. This bath was filled 
with 0.5 percent formalin solution to the 10.5-liter mark and refilled to this 
level with 0.5 percent formalin before each repeated treatment. The solu- 
tion-bulb ratio was, therefore, 4.6:1. There were six treatments of three 
hours’ duration and six of four hours’ duration. 

Ten medium-sized Laurens Koster bulbs were used for each of these tests. 
The treatments were conducted on October 9 to 11, 1939. 

Since bulbs contain a relatively large quantity of water they would tend 
to dilute the formalin solution. Theoretically, for the liquid in the bulbs to 
contain the same amount of formalin as the external liquid contains, the per- 
centage of formalin in the liquid would be reduced to 0.4 percent and that 
in the bulbs would be raised to 0.4 percent. In order to compensate for this 
reduction in concentration, in subsequent treatments sufficient formalin to 
make a 0.1 percent solution was added in tests 5 and 6. 

In treatment 1 fresh formalin was used while in treatments 2—6 the forma- 
lin had previously been used one or more times. In treatments 2, 3, and 4 only 
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sufficient formalin (0.5 per cent) was added to compensate for the loss in vol- 
ume due to prior use, there being no compensation for loss in concentration. 

The results of this experiment are given in table 4. The minor difference in 
totals by duration, 2-29 for the 3-hour and 1-42 for the 4-hour treatment, 
might well be due to chance. No reduction in efficacy appears to have oc- 
curred as a result of second and third use of the treating bath whether or not 
an attempt was made to compensate for dilution of the formalin. However, 
when the treating bath was used a fourth time without compensation the 
efficacy was reduced in both 3- and 4-hour durations. Even this difference 
might have been due to chance but it would not be wise to risk such treat- 
ments commercially. 


Tas.Le 4.—Errect oF REPEATED TREATMENTS IN THE SAME SOLUTION OF FORMALIN 
AT 110°F. on THe Erricacy or Sucn TREATMENTS FOR D. DIPSACI 








Duration in hourst 
Character of bath* Totals by treatment 








Fresh 0-13 
Second use 0-12 
Third use 0-14 
Fourth use 3-11 
Second use, C 0-10 
Third use, C 0-11 











Totals by duration 2-29 





* C denotes that sufficient commercial formalin was added to compensate for theoretic reduction in con- 
centration due to prior use of the bath. 

t In each block two numbers are given, the first of which represents the number of examinations in which 
living D. dipsaci were observed and the second represents the number of examinations in which nemas were ob- 
served either living or dead. 

EFFECT OF PRESOAK AND VARIED TEMPERATURES, DURATIONS 


OF TREATMENT, AND CONCENTRATIONS OF FORMALIN 

This experiment was designed to test the difference in efficacy of varied 
treatments at varied temperatures. Treatments were made in a standard 
hot-water treating tank with an agitator. Ten bulbs, supposedly infected 
with D. dipsaci, were used for each test. Those in tests 1 to 8, 11 to 16, and 
22 were medium-sized King Alfred bulbs rogued from the fields, while those 
in tests 9 to 10 and 17 to 21 were mixed varieties grown normally in the field. 
The size of the mixed variety bulbs naturally varied; the average size, how- 
ever, was approximately the size of a small round King Alfred bulb with a 
diameter of about one and one-fourth inches. The experiment was conducted 
on September 19 to 23, 1939. Results are presented in table 5. 

Using totals by treatment and temperature, the percentage of efficacy 
favors presoak in six cases, no presoak in two cases, and is equal in three 
cases. From this one might presume that presoak was advantageous. How- 
ever, if one makes the same comparisons by duration with a given treatment 
one finds, by comparing 0.5 percent formalin treatments with and without 
presoak, that the percentage of efficacy favors presoak in only 2 cases, is 
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against presoak in 3 cases and is equal in 8 cases. Presoak has no demonstra- 
ble advantage, possibly a disadvantage. 

Comparing efficacy of 1 percent formalin treatments with and without 
presoak, 4 favor presoak, 1 is against and 4 are equal. With hot water, 4 favor 
presoak, 1 is against, and 7 are equal. 

Using the binomial method of analysis for recommendation previously dis- 


TaBLe 5.—Errect oF PrResoak, VARIED TEMPERATURES, DURATIONS OF TREATMENT, 
AND CONCENTRATIONS OF FORMALIN ON THE ErFicacy oF Hot-waTER 
TREATMENTS FOR D. DIPSACI 











Duration in hours} 





Type of treatmentt Temp. 
6 





“F. 
Hot water 110 
Hot water—Presoak 110 
Formalin (1:99) 110 
Formalin (1:99)—Presoak...| 110 
Formalin (1:199) 110 
Formalin (1:199)—Presoak..} 110 





Hot water 114 
Hot. water—Presoak 114 
Formalin (1:199)........... 114 
Formalin (1:199)—Presoak..| 114 





Hot water 116 
Hot water—Presoak 116 
Formalin (1:199) 116 
Formalin (1:199)—Presoak..| 116 
Formalin (1:99) 116 
Formalin (1:99)—Presoak...| 116 





Hot water 118 
Hot water—Presoak 118 
Formalin (1:199) 118 
Formalin (1:199)—Presoak..| 118 
Formalin (1:99) 118 
Formalin (1:99)—Presoak...| 118 
































* Other species of living nematodes also found. 

+t Presoak means that the treat t was p ded by a presoak in water at 70-80°F. 

t In each block two numbers are given, the first of which rep ts the ber of inations in which 
living D. dipsaci were observed and the second represents the number of examinations in which D. dipsaci were 
observed either living or dead. 








cussed, the following treatments by addition are tentatively recommendable 
with probability of at least 19:1 that the efficacy is better than 90 percent, 
1 percent formalin for 3 hours at 116°F. or 1 hour at 118°F. preceded by a 2- 
hour aqueous preosak in either case; 1 percent formalin for 2 hours at 118°F. 
with no presoak; and 0.5 percent formalin for 2 hours at 118°F. with a 2- 
hour aqueous presoak. Only one treatment is shown with probability of 19:1 
to have an efficacy better than 95 percent, this being 1 percent formalin for 
2 hours at 118°F. with a 2-hour aqueous presoak. Many of the other treat- 
ments may have an efficacy as high or higher if there were sufficient data. 
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DISCUSSION 

By combining tables 1 to 5, several recommendable treatments are 
obtained, these being based on bulbs of various sizes and stages of 
disease, and treatments in different seasons. By addition of records 
of treatments of lesser durations, lower temperature or lesser concen- 
tration of formalin, one treatment has an efficacy significantly better 
than 95 per cent, this treatment being 2 hours in 1 per cent formalin 
at 118°F. with a 2-hour aqueous presoak at 70° to 80°F. The tolerance 
of bulbs to this treatment is not known. 

Similarly, by addition of records one modification of the vapor heat 
treatment, namely 8 hours at 118°F. with a 2-hour presoak in 0.5 
percent formalin at 70° to 80°F., had an efficacy significantly better 
than 90 percent. 

The minimum hot-water treatment that, based on addition of 
records, had an efficacy significantly better than 90 percent was 4 
hours at 118°F. 

Based on addition of records other treatments with an efficacy sig- 
nificantly better than 90 percent are: 1 percent formalin at 118°F. 
for 1 hour with a 2-hour aqueous presoak; 1 percent formalin at 116°F. 
for 2 hours with a 2-hour aqueous presoak. 

All efficacies determined by addition of records must be considered 
tentative. The tolerance of bulbs is not known for any one of these 
treatments. 

The data in tables 1, 3, and 4 on the 0.5 percent formalin treat- 
ments at 110°F. for 4 hours with no presoak are adequate to demon- 
strate an efficacy of better than 90 percent with no addition of records 
from other treatments. The tolerance to this treatment, with the ad- 
dition of a presoak has been determined by Blanton and Chitwood.’ 
In an experiment on 40 varieties of narcissus and 41 lots during one 
year the controls showed a greater weight increase in every variety, 
while during the next year the controls showed a greater weight in- 
crease than the treated bulbs in only 23 lots and a lesser or equal 
weight increase in 18 lots. The only conclusion one may draw from 
this information is that there is great variability in tolerance to treat- 
ment. 

Regarding the efficacy of a 4-hour treatment, in 0.5 percent forma- 
lin in tables 1, 3, and 4, the records for this treatment are 1-21, 0-12, 
and 1-42. Adding these one obtains a record of 2-75, or an observed 
efficacy of 97 percent. On the basis of binomial distribution this 
gives a predicted efficacy of better than 91 percent. Despite the rela- 

7 Proc. Helm. Soc. Washington 7(2): 91-94. 1940. 
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tively small number of bulbs involved, it would appear that this 
treatment is recommendable. 

The efficacy of a 3-hour treatment in 0.5 percent formalin is indi- 
cated by records from tables 3, 4, and 5, these being 1—9, 2-29, and 
0-8, respectively. Adding these one obtains the total 3-46 or an ob- 
served efficacy of 93 percent. Th. predicted efficacy would be con- 
siderably under 90 percent, but more extensive records might show 
this treatment to be recommendable. 


SUMMARY 


The results of narcissus-bulb treatments for Ditylenchus dipsaci 
over a period of 9 years are presented. These treatments are all modi- 
fications of the hot-water and vapor-heat treatments. 

Because of the nature of the disease producing organism, D. dipsacz, 
and its mode of spread, the authors conclude that a treatment-should 
have an efficacy of better than 90 percent, preferably 95 percent, to 
be recommendable in the control of this disease. 

A method of evaluating the results of treatments is given. To prove 
a treatment efficacy of greater than 90 percent, at least 29 records 
of a complete kill of D. dipsaci are necessary. One bulb containing 
living specimens must represent at least 46 bulbs containing this spe- 
cies of nematode to substantiate an efficacy of better than 90 percent 
and two, three, and four bulbs with living nematodes must represent 
at least 61, 76, and 89 bulbs, respectively, to corroborate the same 
efficacy. 

Hot-water treatments have been conducted at several temperatures 
ranging from 104° to 120°F. A 2-hour presoak in water at 70°-80°F. 
appears to be of some benefit from the standpoint of nemic control. 
However, no hot-water treatments other than those in combination 
with formalin are considered both practical and recommendable. 

Vapor-heat treatments have shown no particular advantage over 
hot-water treatments from the standpoint of nemic control. No plain 
vapor-heat treatment is considered recommendable on the basis of the 
data available. A vapor-heat treatment at 118°F. for 8 hours pre- 
ceded by a 2-hour presoak in 0.5 percent formalin at 70°-80°F. is 
recommendable from the standpoint of control, but it is considered too 
drastic for host tolerance. Less severe vapor-heat treatments in com- 
bination with a formalin presoak might be recommendable were suf- 
ficient data available. 

It is shown that a certain degree of heat is essential to insure lethal 
action of formalin on Ditylenchus dipsaci in narcissus bulbs. A presoak 
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in a 0.5 percent formalin solution at 70°-80°F. followed by vapor- 
heat treatment probably has the same effect as a treatment in forma- 
lin solution at a higher temperature. 

In hot-water formalin treatments the temperature showing the 
least bulb injury for the maximum efficacy appears to be 110°F. No 
benefit was apparent as a result of presoaks in combination with hot- 
water formalin treatments. The formalin used in these experiments 
ranged in concentration from 0.25 to 1.0 percent commercial formalin. 
Demonstrable differences in efficacy as a result of these various con- 
centrations could have been due to chance but it would probably be 
safest to use not less than 0.5 percent formalin at the present time. 
Likewise, the differences as a result of varied proportions of bulbs to 
liquid could have been due to chance but it would be safest to use not 
less than 5.3 parts by weight of solution to 1 part by weight of bulbs. 
The treating bath may be used for two consecutive treatments pro- 
viding enough formalin of the same concentration is added to bring 
up the volume. According to the present data the solution does not 
warrant further use thereafter. 

On the basis of these data, a treatment in 0.5 percent formalin for 
4 hours at 110°F. with no presoak is recommendable from the stand- 
point of nemic mortality. The tolerance of bulbs to this treatment is 
not known, but it is known for the same treatment with the addition 
of a 2 hours’ aqueous presoak. According to this information narcissus 
varieties and lots of the same variety differ in their tolerance to the 
treatment. There is also a marked difference in the tolerance of the 
same stock of bulbs from year to year. In general, the increase in 
weight may be smaller in treated than untreated bulbs. Considering 
the damage inherent in the disease, treatment is not too drastic. 
Treatment for 4 hours in 0.5 percent formalin at 110°F. is the best 
treatment known today. It is recommended for all stocks containing 
a residuum of bulbs infected with D. dipsaci. A treatment of 3 hours 
in 0.5 percent formalin at 110°F. might be recommendable were suf- 
ficient data available. 

In conclusion, the results of this work show that: 

1. Estimates of efficacy should be based on binomial distribution 
formulae. 

2. Considerable numbers of bulbs should be examined individually. 

3. Hot-water and vapor-heat treatments require relatively high 
temperatures or long durations to be effective. 

4. Hot-water formalin treatment at 110°F. for 4 hours is apparently 
a recommendable control measure for Ditylenchus dipsaci in narcissus 
bulbs 
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MYCOLOGY.—On Argynna polyhedron (Schw.) Morgan.! G. W. 
MakrTIN, State University of Iowa. 


The fungus that is the subject of the present note was originally 
described by Schweinitz (Trans. Amer. Phil. Soc. 4: 257. 1834) as 
Physarum polyaedron. His material was collected at Bethlehem, Pa., 
on a dead stump of Juglans. The species was not again noted until 
Morgan (Journ. Cincinnati Soc. Nat. Hist. 18: 41. 1895) reported it 
from Ohio, on hickory. Morgan had recognized his collection as proba- 
bly referable to the species described by Schweinitz and had sent a 
portion to Dr. G. A. Rex, who compared the two and pronounced 
them identical. Since it could not be a Physarum and the spores were 
unlike those of any known fungus, Morgan erected for it the new 
genus Argynna, so called because of the butterfly-shaped spores. Al- 
though he saw no asci, he was convinced that the spores could have 
been borne in no other way and that the genus was to be included in 
the Perisporiaceae. His drawings represent the spores accurately and 
also show correctly the small, nearly globose fructifications, without 
ostioles and with walls composed of brittle, carbonaceous, hexagonal 
plates. 

Von Hoéhnel (Ann. Mye. 15: 361. 1917) accepted Morgan’s decision 
that Argynna was an ascomycete but decided that Morgan had in- 
correctly described the spores and that they must in reality be 1- 
celled, with membranous wings, as in Samarospora Rostrup. Von 
Hoéhnel included Argynna with Cephalotheca, Zopfiella, and other 
genera in his new family Cephalothecaceae, segregated from the Peri- 
sporiaceae by possession of an outer wall composed of angular plates. 
Theissen and Sydow, writing in the same volume (Ann. Myce. 15: 
466. 1917), summarily dismiss the genus with the remark that it can 
not be considered an ascomycete. There is not the slightest suggestion 
that any of these European mycologists ever saw the fungus; hence 
their cavalier treatment of Morgan’s description must have been 
based entirely on preconceived ideas of what the genus ought to be 
like. Nevertheless, Theissen and Sydow’s dictum is accepted by Clem- 
ents and Shear (Gen. Fungi 255. 1931). The change in the spelling of 
the specific name from polyaedron to polyhedron, first made by Sac- 
cardo, may not be technically valid but is in accordance with the 
practice suggested by Recommendation 38 of the present rules. 

In April, 1939, a third collection of the species was made at Big 
Spring, Mo., on an old and much-decayed log of some frondose spe- 
cies. An attempt to culture it proved successful; it will grow on all 


1 Received March 15, 1941. 





310 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 31, NO. 7 


ordinary laboratory culture media and has produced cleistothecia on 
sterilized cornstalks, on oak twigs, and, more sparingly, on oat agar. 
Argynna polyhedron is unmistakably an ascomycete, to be assigned 
to the Perisporiaceae or, if von Héhnel’s family is to be recognized, 
to the Cephalothecaceae. The spores are 2-celled, exactly as Morgan 
described them. The septum is somewhat obscured by the very dark 
central portion of the mature spores (Fig. 1, d, g), but less mature 
spores, while still in the ascus (Fig. 1, f) show it clearly. Morgan’s 


“" 1.—Argynna polyhedron (Schw.) Morgan: a, Large ascocarp, from above, X24; 


b, smaller ascocarp, on subiculum, from side, X24; c, longitudinal section through large 
ascocarp on stalklike stroma, showing basal plates, hymenium, and spore mass, X24; 
d, two spores from Morgan’s Ohio collection, 1,200; e, immature ascus with distinct 
wall and spores as yet unseptate, 1,200; f, mature ascus with wall gelatinizing and 
spores septate and becoming dark, 1,200; g, mature spore from Missouri strain, 


recognition of the nature of the spores is completely justified and the 
summary and arbitrary decision of Theissen and Sydow is proved to 
be without warrant. 

The cleistothecia are nearly globose, sessile on a flattened base and 
fuscous-black under a lens, appearing black to the naked eye. In cul- 
ture they are often borne on a dense, dark subiculum (Fig. 1, b) and 
in some cases this may form a thick, stalklike base (Fig. 1, c). Such a 
subiculum is not apparent in the two field collections available but is 
represented by the intense blackening of the substratum in Morgan’s 
collection but not in the Missouri collection from which the cultures 
were derived. Morgan gives the diameter of the cleistothecia as 1—1.5 
mm, which is correct for his material. Those of the Missouri collection 
and the cultures derived from it are distinctly smaller, 0.3—1.3 mm in 
diameter, mostly 0.5-1 mm. 

The asci are borne in a dense palisade layer lining the lower portion 
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of the cleistothecium (Fig. 1, c). They are at first clavate with a 
rather thick wall and a slender stalk, the spore-bearing portion 
18-22 X8-10y, and contain eight spores. As they mature the spores 
become septate and darken. Simultaneously the stalk shrivels, the 
ascus walls become gelatinized, and the spores are set free in the gelat- 
inous matrix above the hymenial layer, apparently completing the 
process of maturation in the cleistothecial cavity after leaving the 
asci. Dehiscence is by the separation of the plates of the peridium, 
beginning at the top and exposing the dark brown spore mass in a 
cuplike cavity. 














ENTOMOLOGY.—Some new species of Syrphidae from South Amer- 
ica. Frank M. Huuu, University of Mississippi. (Communi- 
cated by Epwarp A. CHAPIN.) 


In this paper I present the descriptions of several new syrphid flies 
from South America, most of which have come to hand in the past few 
years. Several of these have been collected by John Lane, of Sao 
Paulo, Brazil. Types, unless otherwise stated, are in the collection of 
the author. Paratypes where present have been deposited in the col- 
lection of Mr. Lane. 











Mesogramma mulio, n. sp. 


Related to norma Cur. and productus Cur., but there are pairs of small de- 
tached spots on the third and fourth abdominal segments; this pattern is 
much like that of planiventris Lw., but mulio is much larger, the abdomen 
slenderer, etc. 

Male. Length 7.5 mm. Head: Cheeks, face, and front wholly pale yellow, 
the latter with a tiny, median impression, the facial sides white-pubescent. 

The antennae are light orange, the third joint barely brownish above, the 
face quite produced forward and pinched. Vertex brilliant violet behind ocel- 
li, golden between them, the occiput brassy-brown pollinose, its pile wholly 
light yellow. Thorax: Mesonotum dark olive-brown, the sides broadly yellow, 
becoming a little darker above the wing and on the postcalli. Down the mid- 
dle of the mesonotum is a diffuse, pale, steel-bluish, brownish-yellow polli- 
nose, somewhat diffuse vitta that runs all the way to the scutellum. The dark 
mesonotal disk where it meets the yellow side margin is dark, brownish-black, 
vittate. Pleurae metallie black, the humeri, propleurae, posterior two-thirds 
of the mesopleurae, upper portion of sternopleurae all pale yellow, which 
last section is also densely, silvery pubescent. The scutellum is deep brown- 
ish yellow, with subappressed blackish pile and two longer marginal black 
bristles near the middle and a long, well-developed golden ventral fringe. Ab- 
domen: Elongate with parallel sides from the middle of the second segment 
almost to the middle of fourth; deep brownish yellow marked with black as 
follows: A posterior fascia along the margin of the first segment, narrowed in 


1 Received April 17, 1941. 
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the middle, slightly expanded on each side but not reaching the sides of the 
segment. There is a parallel-sided, narrow, basal fascia on the second seg- 
ment, a wider one on the posterior margin which is evanescent on the poste- 
rior half, which reaches the lateral margin and is slightly wider there. On the 
third segment there are similar fasciae, the basal one considerably more eva- 
nescent and the posterior one not quite so distinct. Fourth segment similar to 
the third except that the basal fascia leaves only traces widely separated on 
either side. Both of these segments have faint, medial, approximated, linear, 
sublunate vittae whose anterior ends turn outward and are knobbed. Fifth 
segment with a linear, median, black vitta two-thirds the length of the seg- 
ment. Hypopygium yellowish brown with black spots. The abdominal pile 
is black, except on the base of the first segment, its sides, the extreme corners 
of the second, and a few hairs on the corners of the fifth segment. Legs: Pale 
yellow, the hind femora with a distal smoky annulus, their tibiae with a mid- 
dle annulus. Pile of legs yellow except on whole distal lialf of middle femora, 
base of their tibiae as far as the middle ventrally, whole of hind tibiae and 
their femora except the base and dorsal surface of the hind tarsi, which are all 
black pilose. Wings: Hyaline, the stigma brown. 
Holotype: One male, Sao Paulo, Juquia, Brazil, J. Lane, collector. 


Mesogramma gemini, n. sp. 

Related to duplicatus Wied., but the face is much shorter, the abdominal 
pattern different. 

Female. Length 5.5 mm. Head: Face yellow, the antennae orange, the third 
joint blackish above, the front widely black, the sides narrowly yellow. Tho- 
raz: Mesonotum broadly olive-brown pollinose, with a wide steel-blue medial 
linear vitta; the lateral margins are obscurely brownish yellow. Scutellum 
wholly yellowish brown, long, sparse, black pilose; the propleura is dark. Ab- 
domen: Oval, the sides conspicuously emarginate, dark yellowish brown, 
marked with black as follows: All but the anterior corners and lateral margins 
of the first segment, the wide marginal fasciae on the base and apex of the 
second segment, each occupying about a third the length of the segment. The 
third and fourth segments are each marked alike—there is a wide, black, 
posterior, marginal fascia occupying two-fifths of the length of the segment. 
There is also a very narrow submedial and sublateral, basal, marginal fascia, 
and the intervening yellowish-brown area contains a pair of narrowly sep- 
arated, small triangles, which are connected to the posterior fascia by slender 
linear vittae, the spaces between the posterior fasciae indented. Fourth seg- 
ment with a large, opaque, black, medial, basal spot, the posterior margin of 
the segment narrowly shining black as well as the posterior half of the lateral 
margin. Legs: Light yellow, the hind tarsi blackish above throughout, the 
hind tibiae and apical half of hind femora appearing darker because of the 
black pile. Wings: Hyaline; stigma pale brown. 

Holotype: One female, Sao Paulo, Brazil, March 22, J. Lane, collector. 


Mesogramma flamminea, n. sp. 

Related to M. basilaris Wied., but the face almost wholly yellow, scutel- 
lum yellow marginate, abdominal pattern different. 

Male. Length 4.5 mm. Head: Face, front, and antennae yellow, the arista 
brownish, the vertex blackish and feebly shining, black pilose. Thorax: Meso- 
notum broadly shining metallic, dark brown-pollinose with a brownish me- 
dian vitta, the narrow lateral margins, the humeri and propleurae pale yel- 
low. Scutellum metallic greenish black, the margin broadly brownish yellow. 
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Abdomen: Narrowly oval, shining, reddish brown. All the first segment ex- 
cept the anterior corners and a narrow anterior margin, shining black; this 
black extends diffusely onto the basal fourth of the second segment. The ab- 
dominal pile is short and black, the reddish hypopygium chiefly pale pilose, 
with a diffuse blackish spot on the left side. Legs: Light yellow; the hind fe- 
mora has a conspicuous, subapical, black annulus. The hind tibia has a sub- 
basal annulus; much of the tibial and femoral pile is golden. Hind metatarsi 
black on the basal half, their last two tarsal joints black; intervening joints 
brown. Wings: Hyaline, the stigma pale yellow. 

Female. Similar, the face brownish yellow, barely darker in the middle. Ab- 
domen yellow with conspicuous, posterior, black, marginal fasciae; there are 
posterior black corners that extend laterally up most of the length of the seg- 
ment and in some cases completely along the lateral margin. The second seg- 
ment has a basal and a medial fascia dividing the yellow. Third and fourth 
segments with a pair each of small, narrowly separated comma-like spots. 

Holotype: One male, Sao Paula, Severinia, Brazil, A. G. Silva, December 
1940. Allotype: One female, same data in the collection of John Lane. Para- 
types: One male and female in copula, seven males and one female (four male 
paratypes in the collection of John Lane), same data. 


Volucella calochaeta, n. sp. 


Related to prescutellaris Will., but the front as well as the face is light 
brownish yellow. 

Male. Length 9.5 mm. Head: Eyes exceedingly densely light brown, long 
pilose. Cheeks (except for a very diffuse narrow brown vitta), face, and front 
light brownish yellow. Frontal pile and an extensive patch covering the low 
broad tubercle and vertical pile black; elsewhere the pile is pale. The face is 
considerably produced both downward and forward. The antennae are 
elongate, light orange; the pale arista has 32 rays above. Thorax: Broadly 
coppery-violaceous in the middle with a greenish cast, the sides broadly yel- 
lowish brown, the propleurae, mesopleurae, and humeri yellowish brown and 
golden pilose, the remainder of the pleurae darker brown, almost black in 
places with yellowish pile. ‘There is a single, heavy, tuberculous bristle on the 
upper part of the mesopleurae, three on the notopleurae, three above the 
base of the wing, three on the postcalli, six pairs on the scutellum, all of which 
are quite long. There are some finer, long, black bristles before the scutellum ; 
the mesonotal pile is pale yellow with a few black hairs. Scutellum yellow, 
with long, fine black bristly pile and yellow ventral fringe. Abdomen: Chiefly 
brown to black, marked with a pair of large, basal and lateral brownish-yel- 
low spots on the sides of the second segment, diffusely separated by brown in 
the middle and on the sides of the third segment a pair of almost equally 
large, basal, pale yellow spots widely separated by black in the middle, The 
first segment is light brownish; the fourth segment is very dark brown, black 
on the apical margin, the hypopygium yellow. The pile of the posterior third 
of the the first segment and narrowly up its middle is black. The pile of the 
third segment is black on almost the posterior half, on the black middle vitta, 
and on a portion of the yellow on each side of this, and there is a narrow basal 
fringe of black pile on this segment. The remainder of the yellow spots are 
yellow pilose. Basal two-thirds of the pile of the fourth segment yellow, the 
remainder black. Legs: Dark brown, the hind tibiae and tarsi and the anterior 
tibiae and tarsi much darker, almost black, the pile of legs everywhere black. 
Wings: costal and subcostal cells upon their basal half, first and second sub- 
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basal cells yellowish. The marginal and submarginal cells are brownish. The 
marginal cell is closed in the costa on one side, opened on the other. 

Holotype: One male, received many years ago in some miscellaneous ma- 
terial from Brazil, no further data. 


Volucella azurina, n. sp. 


Related to mexicana Macq. but equipped with four prescutellars and 
scutellum with five pairs of heavy bristles. Related also to fulvicornis Bigot, 
but the face is dark brown, the abdomen is blue; there are also scutellar dif- 
ferences, etc. 

Female. Length 13 mm. Head: Cheeks black, face and front and vertex red- 
dish brown, the front a little darker. The face is considerably produced down- 
ward and forward; the tubercle is moderately prominent, deeply excavated 
above but continued almost straight downward from the tubercle to the epis- 
toma. The pile of the face, front, and vertex is black, the.face with considera- 
ble whitish pubescence throughout but more extensive on the flattened area 
below the antennae. The sides of the front are also whitish pubescent. The 
antennae are orange-brown, the third joint about twice as long as wide, the 
apical half a little narrower than the basal part, and a little darker dorsally 
and apically; the arista is pale yellow, with 30 rays above. Thorax: Mesono- 
tum and pleurae shining blackish, the former with slight purplish cast, the 
sides of the mesonotum also dark. The pile of the entire thorax and scutel- 
lum including its fringe is black with the exception of whitish pile on the 
anterior portion of the mesopleurae, the humeri, and some in the anterior 
middle of the mesonotum. The mesopleura has three rather long, heavy, 
tuberculous black bristles, notopleura with five, base of wing with three, 
postcalli with five, and scutellum with six pairs. The scutellum itself is dark, 
shining, mahogony, reddish brown. Abdomen: Very broad and rounded, the 
disk only gently convex and entirely metallic, purplish black throughout 
over which is a strong bluish reflection; its pile is black, dense, short, and 
stubby upon second and third segments and much longer and sparser upon 
the fourth segment. Legs: Black and black-pilose, the apex of the anterior 
femora the base of their tibiae dark brown. Wings: Dark brown upon the 
basal anterior half, including first and second basal cells and a slight marginal 
area posterior to the latter and distal to the former. The marginal cell is well 
closed, its apex not expanded. 

Holotype: One male, Bonito, Brazil. Received several years ago in mis- 
cellaneous material from Brazil, no further data. 


Ceriogaster aureopila, n. sp. 


Related to auricaudata Will., but the mesonotal sutures bordered with 
short golden pile and without opaque black marginal spots. Apex of abdomen 
appressed golden pilose. Scutellum blackish. 

Female. Length 6.5 mm. Head: Eyes with a median transverse impressed 
line just above the middle. Vertex blackish about ocelli behind the vertex 
and occiput is metallic brassy black, which from an oblique view is yellow- 
pollinose. The lower half of the front is more or less light yellowish-brown 
pubescent. On each side of the bare facial carina is a narrow vertical stripe 
of light-colored pubescence, and there is a similar one along the angular an- 
terior margin of the cheek. Antennae elongate, the third joint three times as 
long as the second, the entire antennae and arista pale yellowish brown. 
Back of upper occiput with black spines. Thorax: A row of spines lies across 
the anterior part of a mesonotum; just back of the spines is a dull, yellowish 
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transverse fascia of pubescence that appears almost golden in places and 
throughout which arises some very short golden pile. The fascia is well inter- 
rupted in the middle. There is a similar interrupted fascia lying along the 
anterior suture continued down over the upper part of the mesopleura upon 
its posterior margin. Just before the scutellum there is a more obscure fascia 
or subtriangular spot. Scutellum dark black with very short black pile, the 
posterior margin dull brassy. Abdomen: Club shaped, the first two segments 
not greatly narrower than the decumbent club-shaped third and fourth seg- 
ment. Sides of the first segment steel blue, becoming brassy at the extreme 
margin. Second segment extensively black throughout the middle, with a 
faint metallic luster, along the lateral margin becoming bright and coppery 
and brassy. All the third and fourth segments golden with coppery luster, 
except for a large, somewhat opaque, blackish triangle in the middle of 
the second segment, the base of which lies along the posterior margin of 
the segment. Pile of the last two segments flat, appressed, everywhere bright 
golden, dense, and directed diagonally toward the midline from each anterior 
corner. The middle pile, however, directed straight backward. Legs: Femora 
dark brown, almost black on the basal half of the pair, with a somewhat me- 
tallic luster that in places grows decidedly brassy. Pile of the legs everywhere 
pale yellowish, except upon the anterior surface of the fore tibiae and all their 
tarsi. Hind femora rather thickened, its ventral margin with a double row of 
black spines, which reach almost from apex to base. Fore tarsi black and 
rather flattened, the other tarsi and tibiae light yellowish brown, the hind 
pair somewhat pale at base. Wings: Tinged with brown, the apical third ob- 
liquely rather smoky, the stigmal cell smoky brown. 

Holotype: One female, Barro Colorado, Panama. August 1938, F. M. Hull, 
collector. 


ENTOMOLOGY.—Description of a new bat bug (Hemiptera-Heter- 
optera: Cimicidae).1 Harry G. Barser, U. 8. Bureau of En- 
tomology and Plant Quarantine. 


Recently Drs. Glen M. Kohls and William L. Jellison, of the U. S. 
Public Health Service at Hamilton, Mont., submitted for determina- 
tion a number of specimens of a new bat bug which were collected in 
the Ney Cave, near Hondo, Tex. With the permission of the collectors 
a description of this new form is herewith presented. 


Primicimex, n. gen. 

Head longer, than wide, impunctate, somewhat longer than pronotum, 
strongly convex and setose above and beneath; eyes small in both dorsal and 
lateral view, projecting, remote from anterior angles of pronotum; tylus 
broad; jugae short; antenniferous tubercles prominently visible from above; 
maxillary lobes well developed; antenna with the first two elongate segments 
incrassate, subequal, last two segments slender; rostrum short, stout, not 
surpassing base of head. Pronotum longer than wide; anterior and posterior 
margins concave, fringed with long setae; lateral and posterior edges nar- 
rowly margined and fringed with long setae. Hemielytra orbicular, expanded 
laterally, in contact behind scutellum, roughly rugose, surface and margins 
with long setae. Scutellum wider than long. Abdomen of male asymmetrical ; 


1 Received May 10, 1941. 
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Fig. 1.—FPrimicimez cavernis, n. gen. and sp. 


left paramere forming a long, curved, acute process; right paramere aborted. 
Metasternum elevated. Legs long mutic, setose; anterior femur more incras- 
sate than other femora; all tibiae long and gently curved. 

Genoltype.—Primicimex cavernis, n. sp. 

Primicimez is apparently a primitive member of the Cimicidae, presenting 
no close structural relationship to any known cimicid genera. The most re- 
markable characteristics are the relatively long head, orbicular hemielytra, 
and the elongated legs which resemble those of certain reduviids. 


Primicimex cavernis, n. sp. Fig. 1 

Color brownish; hemielytra and legs somewhat paler; last two segments of 
antenna, rostrum, apex of scutellum, and tarsi stramineous. Body and ap- 
pendages profusely setose. The setae are of two kinds, setiform on the ventral 
parts and on the appendages, while most of those on the dorsum are cylindri- 
cal, curved, very minutely serrate on the convex side, and with the apices 
delicately spurred. 

Head impunctate, shining, longer than wide (1.44 by 1.32 mm), strongly 
transversely convex both dorsally and ventrally; preocular margins to apices 
of antenniferous tubercles 0.28 mm. long, slightly diverging anteriorly, 
shorter than postocular margins, which gradually diverge posteriorly; setae 
longer and denser beneath; eyes relatively small, viewed dorsally about one- 
third longer than wide, seen laterally but little higher than wide; tylus broad, 
a little wider anteriorly and widest just before the middle, subtruncate at 
apex, strongly transversely convex; jugae short, apposed to sides of tylus and 
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extended anteriorly nearly as far as apices of antenniferous tubercles; an- 
tenniferous tubercles broad and short, obliquely truncate at apices; base of 
labrum visible from above; maxillary lobes extended anteriorly from apices 
of jugae to just beyond apex of tylus, the edges fringed with short setae; two 
long, erect setae on each side of head, one before front line of eyes, midway 
between these and tylus, the other lateral, behind eye. Antenna rather long, 
about one-third longer than head and pronotum conjoined; first two seg- 
ments incrassate, with short, inclined setae, basal segment porrect, slightly 
curved, a little shorter and wider than second, extended beyond apex of head 
by more than half of its length; last two segments much more slender, fili- 
form, sparsely and finely setose, terminal segment shortest, gradually and 
slightly expanded apically, appearing truncate at apex; lengths of the respec- 
tive segments as follows: I, 1.00; II, 1.12; III, 1.44; and IV, 0.80 mm. Ros- 
trum short, stout, nearly or quite attaining base of head, second segment 
slightly longer than basal segment, terminal segment short. 

Pronotum nearly one-third wider than long, subshining, impuncate, rather 
strongly transversely convex, densely long setose; anterior and posterior 
margins concavely emarginate, lateral margin gently and almost evenly 
rounded; lateral and posterior submargins deeply and narrowly impressed, 
the external edges roundly elevated, forming calloused margins; the curved 
setae along margins as well as those on anterior region longer than elsewhere 
on surface. Scutellum triangular, wider than long, disk rather flat, margins 
deflexed, apex bluntly rounded. Hemielytra orbicular, opaque, roughly ru- 
gose, surface with rounded shallow pits, exposed margins densely fringed 
with long curved setae, the surface with shorter curved setae. 

Abdomen broadly oval, asymmetrical posteriorly in the male; tergites 
closely rugose punctate, covered with short recumbent setae, in the male the 
setae along the margins as well as on the surface much longer and more erect; 
terminal segment densely set with long setae; left paramere long, gently 
curved, falciform, grooved along upper face; right paramere aborted. Meta- 
sternum elevated. Legs long, densely covered with short, recumbent setae, 
tibiae gently curved, hispidlike, and faintly conspurcated. Anterior femur 
shorter and more incrassate than other femora, concave below toward base, 
lower surface as well as coxa and trochanter beneath densely setose; anterior 
tibia shorter than femur, with a padlike calcarium at apex; anterior tarsus 
nearly half as long as tibia, basal segment short, terminal slightly longer than 
intermediate segment, claws well developed; intermediate femur a little 
shorter than tibia; posterior femur longer than other femora, tibia longer than 
femur. Length of male, 10 mm. 

Type material.—T ype, male, from Ney Bat Cave, near Hondo, Tex., col- 
lected on October 14, 1940, by Drs. Glen H. Kohls and William L. Jellison. 
Collection No. A. P. 17258. 

Paratypes, 2 males, 11 females. and numerous nymphs, with same data. 

Type and paratypes in the U. S. National Museum (no. 55230). Paratypes 
in the laboratory of the U. 8. Public Health Service, Hamilton, Mont. One 
paratype, female, same locality, February 5, 1939, no. 17798, collected by 
K. E. Stager, Allan Hancock Foundation, University of Southern California. 

Remarks.—Dr. Kohls writes that “the Ney Cave harbored a very large 
colony of the Mexican free-tailed bat, Tadarida mexicana (Saussure). The 
bugs were not actually collected from the bats but were found on the guano 
and rocks on the floor and also on the walls near the entrance, as well as back 
in the farther recesses of the cave where the rocks were wet and the atmos- 
phere approaching saturation.” 
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ARCHEOLOGY.—Prehistoric Eskimo harpoon heads from Bering 
Strait... Henry B. Cours, Jr., Bureau of American Eth- 


nology. 


The harpoon with which the Eskimos capture seals, walruses, and 
other marine mammals is a complicated device consisting of a wooden 
shaft, a detachable head of bone or ivory, and a foreshaft, socket- 
piece, and ice pick of the same materials. Regional differences may be 
observed in all parts of the harpoon, but especially in the detachable 
head, which strikes and holds the quarry. Because of their complex 
form and the many developmental changes they have undergone in 
the past, harpoon heads have proved to be extremely useful in deter- 
mining culture sequences in the Eskimo area. 

On the basis of material excavated from five old village sites of 
different ages on St. Lawrence Island, Alaska, the writer has described 
the harpoon heads of the Old Bering Sea, the oldest Eskimo culture of 
which we have full knowledge, and traced their development into the 
Punuk, protohistoric, and modern stages. Among the specimens found 
at the oldest site (the Hillside site) was a broken harpoon head (Fig. 6) 
that did not fall into any of the established types. On the chance that 
it might have been an individual variation of no typological signifi- 
cance, it was described and illustrated but was not included in the 
classification (Collins, 1937, p. 107, pl. 23, fig. 8). Later, when exam- 
ining archeological material collected in 1926 by Dr. Diamond Jenness 
on Little Diomede Island in Bering Strait, the writer saw four more 
harpoon heads of this type. The fact that they were deeply patinated 
and different in form from any known modern or prehistoric Diomede 
type suggested that they were older than the other objects in the 
collection. The same type of harpoon head has been found in con- 
siderable numbers at Okvik, an old buried site discovered by Otto W. 
Geist, of the University of Alaska, on Punuk Island, off the eastern 
end of St. Lawrence Island, and it appears again at the old Ipiutak 
site at Point Hope on the Arctic coast discovered in 1939 by Dr. F. G. 
Rainey of the same institution (Rainey, 1941). 

The Ipiutak, Okvik, and Hillside sites are the oldest thus far dis- 
covered in the Eskimo area. Unlike most old Eskimo settlements, 
they were completely buried and were unknown to the local Eskimos. 
Ipiutak is culturally the most divergent and seemingly the earliest of 
the three sites. It lacks certain features common to the other two and 


1 Published by permission of the Secretary of the Smithsonian Institution. Re- 
ceived May 1, 1941. 





Juty 15, 1941 COLLINS: PREHISTORIC ESKIMO HARPOON HEADS 319 


in addition has a number of unique elements. On the other hand, a 
definite cultural interrelationship between the three sites is indicated 
by close correspondences in some of the implements and in the style 
of art, which the writer has described as Old Bering Sea style 1 
(Collins, 1937, pp. 40-47, 53-56). The occurrence of this particular 
type of harpoon head and of Old Bering Sea style 1 art on Little 
Diomede Island points to the existence of the same early stage of 
Eskimo culture at Bering Strait, midway between St. Lawrence 
Island and Point Hope. The harpoon heads referred to are clearly 
one of the oldest known Eskimo types, and as such it seems de- 
sirable that they should be described. 

Photographs of three of the Diomede Island specimens, kindly 
furnished by Dr. Diamond Jenness, of the National Museum of Can- 
ada, are shown in Figs. 1-3. Drawings of another Diomede head ap- 
pear in Fig. 4. These four harpoon heads, and a fifth fragmentary 
specimen of the same type not illustrated, were excavated by Eskimos 
and sold to Dr. Jenness. Consequently depth records are lacking. It 
seems unlikely, however, that they came from the upper levels of the 
midden, for Dr. Jenness’s own excavations there revealed only modern 
and late prehistoric types (Jenness, 1928, pp. 75-76). Moreover, none 
of these later types of harpoon heads or of the many other artifacts 
of similar age dug up by the Eskimos that I have examined are pati- 
nated to the extent of the specimens here described. 

The harpoon head from the Hillside site, St. Lawrence Island, is 
shown in Fig. 6. Fig. 5 illustrates another head of the same type that 
the writer purchased from an Eskimo on St. Lawrence Island. Though 
its exact provenience is unknown it may have come from Okvik, the 
old Punuk Island site, as it is identical with those that Geist collected 
there. 

Material.—All the specimens here described are of walrus ivory 
except that shown in Fig. 4, which is of bone. The original white of 
the ivory has been altered to various shades of yellowish brown (Figs. 
1, 5), deep chocolate-brown (Figs. 4, 6), or gray (Fig. 3). 

Shape.—Though possessing structural features that bring them into 
relationship with Old Bering Sea heads in general, these old Diomede 
and St. Lawrence examples do not exhibit the smooth finish and care- 
ful workmanship characteristic of other types of that period. They 
are crude and heavy in appearance and thick in cross section, with 
the two wider surfaces relatively flat. In contrast, other Old Bering 
Sea and later types are more graceful in outline, usually thinner in 
cross section, or, if relatively thick, have more rounded contours. The 
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side opposite the basal spur, instead of being beveled to an edge as 
usual, is flat and 1 to 1.3 ems wide. Only the upper edge, near the tip, 
is beveled. 

Socket.—One of the features that distinguishes these harpoon heads 
from later types is the form of the open socket in which the upper end 
of the foreshaft rested. The socket is very wide and relatively shallow, 
and the walls have a slight outward flare, partly as a consequence of 
the floor being somewhat concave instead of flat. Also unusual are the 
deep parallel striations on the socket floor left by the cutting tool. 
These are clearly visible on all the specimens, though the drawing 
(Fig. 4, right) does not show them.’ 

Beginning with this earliest known form, the open socket underwent 
a series of changes in prehistoric and protohistoric times (Collins, 
1937, pp. 114, 210, 213-214). The Old Bering Sea heads exhibit the 
same general type of socket—wide and shallow with concave floor 
and slightly flaring walls—though in somewhat less extreme form. 
The oldest harpoon heads from Cook Inlet also have unusually wide 
sockets, which, however, are rounded rather than squared off at the 
upper end (de Laguna, 1934, pl. 38). In the succeeding prehistoric 
stages (Birnirk, Punuk, Thule) the socket becomes much narrower 
and deeper, with vertical sides and, on St. Lawrence Island, a flat 
floor. In protohistoric times the socket became triangular in cross 
section, the walls slanting inward to such an extent that the foreshaft 
remained in place without the aid of a lashing. 

In one of the Diomede heads (Fig. 4) a narrow ivory wedge was in- 
serted in the upper end of the socket to prevent the foreshaft from 
breaking through to the line hole. 

Lashing slot and groove.—The foreshaft was held in place by a lash- 
ing, which passed through a narrow slot with a connected groove. The 
latter is deeper, narrower, and more carelessly made than most lashing 
grooves. This lashing arrangement of a single slot and an opposite 
groove is characteristic of some of the Birnirk and protohistoric types. 
It is rarely found on Old Bering Sea heads, which usually have two 
lashing slots. 

A characteristic feature of the old Diomede and St. Lawrence heads 
is the sunken area just below the line hole on the side opposite the 
socket (see especially Figs. 2 and 5). The lashing groove crosses this 
sunken area and joins the slot, which thus emerges from under a pro- 
jecting ledge. The ledge, continuing downward and curving inward, 
becomes part of the basal spur. An inward projection of the upper 
part of the spur is a feature often seen on Old Bering Sea heads, both 
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of the open and closed socket types (Collins, 1937, pl. 23, figs. 4, 5, 12; 
pl. 24, figs. 12, 13, 15, 16; pl. 27, figs. 5-7). 

Spur.—As in the case of most other Old Bering Sea heads, the basal 
spur is irregular. The most elaborate form is that shown in Figs. 4 
and 5, with five and four separate prongs respectively. This is the 
form of spur that is found on the comparable harpoon heads from 
Okvik and Ipiutak. The other Diomede specimens (Figs. 1-3) lack 
definite prongs, the irregularity being effected by beveling. In Figs. 
1 and 2 the spur is wedge-shaped at the tip. 

Line hole.—With the exception of the example shown in Fig. 4 the 
line holes are somewhat larger than usual, averaging about 8 mm in 
diameter. One of the St. Lawrence heads (Fig. 5) differs from the 
others in having the line hole square and cut out rather than drilled. 
In the other examples the line holes are circular, having been made 
with a hand drill. In all cases the edges of the hole are beveled. 
A characteristic feature is a crude decoration of deeply incised lines 
forming a triangular area just above the line hole. Sometimes, as in 
Figs. 1-3, this roughened triangular area is sunken. 

Upper end.—The terminal blade slit is sometimes in the plane of the 
line hole (Figs. 1, 4, 5), sometimes at right angles to it (Figs. 2, 6). In 
Fig. 3, as so often on Old Bering Sea heads, there are two deep slots 
for side blades just below the tip (not visible in the illustration) ; there 
was no end blade. The specimen illustrated in Fig. 1 is unique in that 
it had both side blades and an end blade. 

Decoration.—The incised designs, though meager and crude, are 
not without significance. The arrangement of three pairs of radiating 
or converging lines above the line hole and on the upper part of the 
spur of Fig. 5, while very simple as a decorative device, is one of the 
commonest motives of Old Bering Sea style 1 from St. Lawrence, 
Punuk, and Diomede Islands (Collins, 1937, fig. 6 (10), p. 47; fig. 8, 
p. 53; pl. 13, fig. 7; pl. 14, fig. 5. Collins, 1940, pl. 14, A, fig. 8. 
Rainey, 1937, p. 604, harpoon head at upper right. Rainey, 1941, 
p. 154, harpoon head at right). Still simpler but equally diagnostic of 
Old Bering Sea style 1 are the pairs of short detached lines seen on the 
spur of one of the Diomede heads (Fig. 3) and above the line hole on 
another (Fig. 4. For other examples see Rainey, 1937, p. 604, and 
Collins, 1937, fig. 6 (1), p. 47; pl. 12, fig. 8; pl. 14, fig. 5). Other designs 
are deeply incised lines (Fig. 6), small T-shaped figures (Fig. 3), and 
lines with spurs attached (Fig. 2). 

In Fig. 4 the decoration consists of an ordered arrangement of 
deeply incised lines either detached or attached as spurs to bordering 
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lines. Viewed from the sides to right and left of the socket (Fig. 4, 
center) the lines appear to radiate from a center, producing an effect 
similar to that of the converging lines referred to above. These lines, 
together with others just below them, combine to form a design sug- 
gestive of a human face. The ornamentation as a whole, with its 
deeply incised short lines and oblique spurs and its schematic repre- 
sentation of a human face, somewhat resembles prehistoric Dorset art 
from the Hudson Bay area (Jenness, 1925, fig. 9; Mathiassen, 1927, 
pl. 62). 

The harpoon head shown in Fig. 7 is structurally unrelated to the 
type described above or to any other thus far known. It was excavated 
by the writer from the base of the 16-foot midden on Punuk Island. 
The depth at which it lay, its unusual form and ornamentation, and 
its deep patination are all suggestive of considerable age, even though 
we can not definitely assign it to any known period. 

The material is walrus ivory. Like the Diomede specimen illus- 
trated in Fig. 3, it is gray, a color rarely seen on old ivory. 

The lower end is beveled at a 45° angle, and into this sloping sur- 
face the foreshaft socket was cut. The socket is enclosed and, unlike 
any other thus far known, is triangular in shape. It is very shallow, 
with a depth of only 1 cm at the lower, wider end and 3 mm at the 
upper. The line hole is oval and is placed laterally because of the 
presence of a prominent median ridge on both sides. On the socket 
side the tip was cut down to provide a bed for an end blade. On the 
opposite side is a deep narrow groove for the lashing that held the 
blade in place. This form of blade attachment is found on harpoon 
heads from Southampton Island in Hudson Bay but not elsewhere in 
the Eskimo area (Boas, 1901, fig. 87; Mathiassen, 1927, pl. 74, fig. 1). 
On either edge just below the line groove is a shallow depression, 
possibly a residual slot for a side blade. 

Ornamentation consists of a random arrangement of straight lines, 
lines with spurs attached, and crosses. Both sides are decorated, but 
the surface is so worn that the designs on the socket side are barely 
visible. The decoration as a whole bears little resemblance to Eskimo 
art, though the spurred line is a characteristic Eskimo element. In its 
lack of an organized design it resembles some of the cruder examples 
of Old Bering Sea style 1. The writer has pointed out that the rather 
simple and diffuse ornamentation of style 1, with its emphasis on short 
detached lines and spurred lines, bears a closer resemblance to Paleo- 
lithic and Mesolithic geometric art, which was equally simple and 
variable, than to later styles in either America or Eurasia (Collins, 
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1937, pp. 294-296; 1940, pp. 585-586). In the case of the harpoon 
head shown in Fig. 7, the resemblance is even closer, both with respect 
to the individual elements and their arrangement. Whatever this may 
mean—and too much weight should not be attached to a single speci- 
men—it is almost certainly pre-Old Bering Sea and in all probability 
one of the oldest Eskimo harpoon heads known. 
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PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 


THE ACADEMY 
305TH MEETING OF THE ACADEMY 


The 305th meeting of the Academy was held in the Assembly Hall of the 
Cosmos Club at 8:15 p.m. on Thursday, April 17, 1941, with President 
A. H. Cuarxk presiding. The program consisted of a series of illustrated re- 
ports on various phases of the 1940 South American Eclipse Expedition spon- 
sored by the National Geographic Society and the National Bureau of 
Standards, as follows: 

The 1940 National Geographic Society—National Bureau of Standards 
Eclipse Expedition, by Irvine C. Garpner, National Bureau of Standards. 

The 1940 flash spectrum, by Car. C. Kress, National Bureau of Standards. 

Sky brightness at Patos, Brazil, 1940, by Epwarp O. Hu.surt, U.S. Naval 
Research Laboratory. 

Ionosphere observations at the 1940 eclipse, by THEopoRE R. GILLILAND, 
National Bureau of Standards. 

Because of his unexpected absence, the scheduled contribution on A photo- 
gray hic determination of the time of contact during a total solar eclipse, by PAUL 
A. McNAL.ty, s. J., Georgetown University, was not given. Following the 
regular program, Dr. GARDNER presented some colored motion pictures of 
South American life and scenery. 

There were about 75 persons present. The meeting adjourned at 10:00 p.m. 
for a social hour. 

Freperick D. Rossrnt, Secretary. 
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